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EDITORIAL

The most significant achievements in the field of natural sciences are reached in joint 
collaboration, where important roles are taken by biology and chemistry. Therefore publi-
cation of a Journal, displaying results of current studies in the field of biology and chemis-
try, facilitates highlighting of theoretical and practical issues and distribution of scientific 
discoveries.

One of the basic goals of the Journal is to promote the extensive exchange of informa-
tion between the scientists from all over the world. We welcome publishing original papers 
and materials of biological and chemical conferences, held in different countries (after the 
process of their subsequent selection).

Creation of special International Journal of Biology and Chemistry is of great impor-
tance, because a great amount of scientists might publish their articles and it will help to 
widen the geography of future collaboration. We will be glad to publish also the papers of 
the scientists from the other continents.

The Journal aims to publish the results of the experimental and theoretical studies in 
the field of biology, biotechnology, chemistry and chemical technology. Among the em-
phasized subjects are: modern issues of technologies for organic synthesis; scientific basis 
of the production of physiologically active preparations; modern issues of technologies for 
processing of raw materials; production of new materials and technologies; study on chemi-
cal and physical properties and structure of oil and coal; theoretical and practical issues in 
processing of hydrocarbons; modern achievements in the field of nanotechnology; results 
of studies in the fields of biology, biotechnology, genetics, nanotechnology, etc.

We hope to receive papers from a number of scientific centers, which are involved in the 
application of the scientific principles of biological and chemical sciences on practice and 
carrying out research on the subject, whether it relates to the production of new materials, 
technologies and ecological issues.
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Mutation and expression of the C-KIT gene on population of Kazakhstan

Abstract: Lung cancer is still a leading cause of death from malignant tumors worldwide. Due to late 
diagnosis, results of treatment remain unsatisfactory. In Kazakhstan about 3,669 new cases of lung cancer 
are detected every year, with a 5-year survival rate for 2016 equal to 48.0%. The aim of the current work 
is to study the expression of C-KIT protein and identify mutations in patients with lung cancer living in 
Almaty region. Literature data showed that anomalous expression of the corresponding gene and presence 
of mutations lead to a number of malignant neoplasms. Creation of drugs targeting C-KIT protein, promotes 
the development of clinical diagnosis and treatment of cancer. Blood samples and biopsy material obtained 
from patients diagnosed with lung cancer, treated at the Almaty Oncology Center and residing in Almaty 
region served the objects of the study. Written informed consent was obtained from all patients. Analysis 
of restriction fragment length polymorphism and immunohistochemical analysis followed the polymerase 
chain reaction. For immunohistochemical analysis tissue fixed in formalin and embedded in paraffin blocks 
was used. The presence of mutations in codon 557 was revealed by the genetic analysis of 11 exon of 
C-KIT gene. RFLP analysis and sequencing showed mutations in the codon. Immunohistochemical analysis 
revealed overexpression of C-KIT gene in four (9.09%) patients, 14 (31.82%) patients had moderate 
expression, 24 (54.54%) patients had weak expression and two (4.55%) patients had no expression. In 
total, 18 (40.91%) patients had a positive response to immunohistochemical analysis. This suggests that the 
disorders occur in the cells of tumor tissue and are not inherited. In fact, in most cases the occurrence of 
lung cancer can be associated with smoking.
Key words: C-KIT gene, mutation, expression, immunohistochemical analysis.

Introduction

Cancer remains the leading cause of death world-
wide, despite impressive advances in the early diag-
nosis and treatment of patients with malignant neo-
plasms. Incidence rates in Kazakhstan are highest 
among CIS countries [1]; with 36 813 cases detected 
in 2016 [2]. Lung cancer is one of the most common 
types of cancer and the leading cause of death from 
cancer worldwide [3]. This type of cancer is the most 
common in the world, and in 2016, it amounted to 
9.9% of the total number of new cases of cancer in 
Kazakhstan. In 2016, about 3,635 new cases of lung 
cancer were detected in Kazakhstan, with five-year 
survival equal to 48.0%, and 2,498 death cases [2]. 
High mortality from lung cancer is believed to be 

caused by aggressiveness, invasive and metastatic 
disease potential, as well as difficulties in detect-
ing it in the early stages. Therefore, the search for 
pathogenetic approaches in the treatment of cancer 
remains an urgent problem today. The lack of sig-
nificant achievements in the fight against cancer is 
largely due to an insufficient level of diagnosis. For 
the vast majority of people, the cancer is still diag-
nosed in the late stages of development (73.5%), in 
which the possibilities of modern treatment methods 
cannot be fully realized, as patients may have resis-
tance to chemotherapy and targeted drugs. Ten years 
ago, therapeutic strategies for treating lung cancer 
were based on a histological type of classification. 
However, in recent years, one of the most interesting 
advances in the treatment of lung cancer has been the 
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understanding of genetic changes in cells. Achieve-
ments in genomic sequencing and identification of 
molecular markers over the past decade have clearly 
demonstrated that cancer is a heterogeneous disease 
[4; 5].

The studies using some modern methods of mo-
lecular biology have allowed us to fundamentally 
change our ideas about the characteristics of the vari-
ous forms of the disease that arise and, consequently, 
the treatment tactics and its predicted course. De-
velopments in genotyping have changed the clinical 
practice of treating lung cancer and have shown that 
genetic changes in the EGFR, ALK, ROS1, HER2, 
KIT and BRAF genes are powerful predictive bio-
markers in the treatment of lung cancer [6-10]. 

In this regard, the purpose of the current research 
was to study the expression of C-KIT protein and 
identify mutations in patients with lung cancer living 
in Almaty region.

Materials and methods

Patients. Surgical specimens were obtained dur-
ing the surgery from patients diagnosed with a lung 
cancer. All patients underwent a survey, which con-
tained information on clinical data, gender, age and 
bad habits. Patients signed a voluntary informed 
consent before participating in the study. The study 
protocol was approved by the local ethics committee 
of the medical faculty of the Higher School of Public 
Health at Al-Farabi Kazakh National University (Al-
maty, Kazakhstan) – protocol No. IRB – A024 from 
September 22, 2017.

DNA preparation. Genomic DNA was isolated 
and purified from formalin-fixed paraffin-embedded 
tissues using the GeneJet Genomic DNA Purifica-
tion Kit (Thermo Fisher Scientific, USA). Purified 
DNA samples were aliquoted and stored in a freezer 
at -20˚C.

PCR and RLFP analysis. Specific primers (for-
ward 5’-GATCTATTTTTCCCTTTCTC-3’ and re-
verse 5’-AGCCCCTGTTTCATACTGAC-3’) were 
designed using the PrimerQuest Tool. Each PCR re-
action mixture contained forward and reverse prim-
ers (10 pmol each), 25 ng of genomic DNA, 10 μL 
of Mmix (2x, Thermo Fisher Scientific, USA) and 
nuclease-free water. PCR was performed in 0.2 mL 
microtubes on MastercyclerR Nexus thermal cycler 
(Thermocycler Eppendorf™, USA). PCR conditions 
consisted of initial denaturation step at 95°C for 4 
min, then 35 cycles of 94°C for 30 sec, 56°C for 30 
sec, and 72°C for 45 sec, and final extension step at 
72°C for 5 min.

The PCR products were analyzed using electro-
phoresis on 1% agarose gel. The correspondence of 
the obtained fragments was evaluated using the DNA 
Ladder Gene Ruler 100 bp marker (Thermo Fisher 
Scientific, USA). Resrtriction endonucleases were 
selected using WatCut online software for SNP-
RFLP analysis. The PCR products were digested 
with restriction endonucleases SsiI and FokI. 5 μL of 
the PCR product and 10U of endonuclease were used 
in the reaction carried out at 3˚C for 3 h. Restricted 
DNA was analyzed on 8% polyacrylamide gel. The 
polyacrylamide gel was stained with ethidium bro-
mide. DNA Ladder Gene Ruler 100 bp (Thermo 
Fisher Scientific, USA) was used for detection of the 
restriction fragments length.

Tissue microarrays. Before creating a Tissue Mi-
croarrays (ТМАs) slide, all tumor tissues were clas-
sified according to the international classification of 
stages of malignant neoplasms – TNM [11]. 

As a material for the creation of ТМАs slides and 
immunohistochemical analysis, 44 histological ma-
terials obtained from patients with lung cancer fixed 
in formalin and embedded in paraffin blocks were 
used. Each selected area of lung tissue was analyzed 
by a qualified pathologist to determine histological 
types of tumors. From selected sites, selected tissue 
was carefully taken with a hollow cylinder (2 mm 
in diameter) and transferred into one common paraf-
fin block. Then, a 3-4 micron thick section was cut 
from this block using a microtome (RM2255, Leica, 
Wetzlar, Germany) and placed on a glass slide [12] 
(Figure 1).

Figure 1 – Tissue Microarrays, 
slid with cores of 2 mm in diameter

Figure 1 shows the location of all TMAs samples 
on a glass slide. All 44 samples were divided into 5 
rows of 9 samples (5th row – 8 samples). 

Immunohistochemistry. Immunohistochemical 
staining was performed on slides using ТМАs. For 
staining polyclonal antibodies CD117 (DAKO, Glos-
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trup, Denmark) were used at dilution of 1:500. The 
preparations were analyzed using a NanoZoomer-XR 
C12000 digital slide scanner (Hamamatsu Photonics, 
Japan) with NDP.scan 2.5 software. The evaluation 
of immunohistological staining was distributed as 
follows: 0, no stained cells or weak staining inten-
sity, with less than 10% of tumor cells; 1+, pale or 
weak color intensity, with more than 10% of tumor 
cells; 2+, moderate staining intensity; and 3+, strong, 
granular staining intensity; 2+ and 3+ were identified 
as positive, and 0 and 1+ as negative [13].

Results and discussion

The patients with lung cancer included in this 
study were treated at the Oncology center from Janu-

ary, 2013 to February, 2016. Questionnaires and vol-
untary informed consent were collected prior to the 
collection of the biomaterial. The main characteris-
tics of the patients are shown in Table 1. 

As can be seen from the Table 1, among 44 
patients, 70.45% were men and 29.55% women, 
which corresponds to the data on more frequent ca-
ses of this type of cancer in men. Tumors were clas-
sified according to TNM criteria, and patients were 
divided by the following stages of cancer: stage I 
– 10 cases (22.73%), stage II – 15 cases (34.09%), 
stage III – 15 cases (34.09%), and stage IV – 4 cases 
(9.09%). According to the histological type, the dis-
tribution was as follows: squamous cell lung cancer 
– 63.6%, adenocarcinoma – 34.1%, small cell lung 
cancer – 2.3%.

Table 1 – The characteristics of the lung cancer case and control cohorts

Cohort 
(persons)

Years 
of birth 
(average 

age)

Sex, persons (%) Ethnicity, persons (%) Smoking habit, persons (%)

Males Females

Asians 
(Kazakhs, 

Uigur, 
Koreans) 

Russian Smokers Non-
smokers Ex-smokers

Case (44) 1937-1967
(62.6±7.7) 31 (70.45) 13 (29.55) 23 (52.27) 21 (47.73) 31 (70.45) 12 (27.27) 1 (2.27)

Control (50) 1934-1968 
(61.7±9.2) 32 (64.00) 18

(36.00)  35 (70.00) 15 (30.00) 13 (26.00) 36 (72.00) 1 (2.0)

tst 0.075 0.381 0.533 1.147 1.374 2.348 2.207 0.103
P *0.952 0.768 0.688 0.456 0.400 0.256 0.271 0.935

Analysis of the restriction products for the pres-
ence of the Trp557Arg and Val559Asp mutations 
was analysed on 8% polyacrylamide gel. When 
analyzing restriction products for the presence of 
the Trp557Arg mutation, the normal allele in ho-
mozygous state has a single fragment of 258 bp 
in size. The mutant allele in homozygous state has 
two fragments 169 bp and 89 bp. Consequently, the 
heterozygous genotype has 3 fragments of 258 bp, 
169 bp and 89 bp. RFLP analysis of 11 exon for the 
presence of Val559Asp mutation homozygous wild 
allele has one fragment of 258 bp, a homozygous 
mutant allele – two fragments of 150 and 108 bp, 
and the heterozygous allele – three fragments of 258 
bp, 150 bp and 108 bp (Figure 2).

Figure 2 shows that sample number seven has 
three fragments measuring 258 bp, 169 bp and 89 bp, 
which indicates the heterozygosity of this gene for 
Trp557Arg mutations. 

After RLFP analysis DNA samples were sent 
for sequencing analysis (9, 11 and 13 exons) to the 
National Cancer Institute, the National Institutes of 
Health in Bethesda, Maryland. The sequence analysis 
also did not reveal genetic abnormalities in the C-KIT 
gene, with the exception of the Trp557Arg mutation 
in sample number 7. 

Figure 3 shows the level of expression of the C-
KIT gene, which may be the cause of the develop-
ment of cancer; immunohistochemical staining is ap-
plied.
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Figure 3.A shows negative staining, indicating 
lack of expression; Figure 3.B – a sample of tissue 
with weak staining shows moderate expression; 
Figures 3. C and 3.D – the samples of tissue with 
moderate staining (2+) and strong staining (3+) 
show a high level of expression of the analyzed 
gene.

Table 2 shows the results of the immunohisto-
chemical analysis. Immunohistochemical staining re-
vealed 4 patients (9.09%) had overexpression of the 
C-KIT gene, 14 (31.82%) had moderate expression 
(more than 10%), 24 (54.54 %) showed weak expres-
sion of 1+ (less than 10%) and 2 patients (4.55%) did 
not have expression.

Figure 2 – The electropherogram of the restriction products of the C-KIT gene
(11 exon, Trp557Arg and Val559Asp). Note: M – molecular weight marker 25bp; 1–6, 8–10 PCR prod-

ucts without mutations Trp557Arg; 7 – PCR products with mutation Trp557Arg; 
11–15 PCR products without mutations Val559Asp

Figure 3 – Immunohistochemical analysis of histological material of lung cancer patients
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As can be seen from the Table 2, patients having 
a positive response to immunohistochemical analysis 
amounted to 40.91%, what could be the cause of the 
lung cancer. Accordingly, the cause of the lung can-
cer in these patients may be an increased expression 
of the C-KIT gene.

The C-KIT gene is an oncogene that regulates cell 
division and interacts with cell cycle factors. Solid 
tumors such as breast cancer, neuroblastoma, colon 
cancer, gynecological tumors, glioma, and SCLC re-
ported to express C-KIT [14]. Autocrine or paracrine 
activation of the C-CIT receptor using GFR has been 
postulated for the treatment of lung cancer. The re-
ceptor can also be constitutionally activated indepen-
dent of the ligand by specific mutations of the C-KIT 
gene. The receptor can also be constitutively activat-
ed independently on the ligand by specific mutations 
of the C-KIT gene. Expression of C-KIT protein was 
detected in 79-88% of SCLC cell lines, and during 
the inactivation of C-KIT the tyrosine kinase inhibi-
tor imatinib had an inhibitory effect on SCLC cell 
growth [15]. 

Micke et al. showed that C-KIT expression is as-
sociated with reduced survival [16], however Black-
hall et al. in their studies demonstrated C-KIT ex-
pression in 51% of tumors and concluded that C-KIT 
expression is not a predictor of survival [17]. Studies 
of the correlation between the level of C-KIT protein 
synthesis and the rate of the cancer development have 
led to the conflicting results. In some cases, the cor-
relation was significant, while in other experiments it 
was absent [18; 19]. 

However, there is a little information on the mu-
tations in the studied gene and protein expression in 
non-small cell lung cancer. Antonescu et al. revealed 
a Trp557Arg mutation in the gastrointestinal stromal 
tumor [20]. Like other C-KIT mutations occurring 
in exon 11, this mutation is thought to be associated 
with increased sensitivity to imatinib and other C-
KIT inhibitors [21]. 

In our studies, a mutation in the C-KIT gene was 
detected in one patient with a diagnosis of adeno-
carcinoma and with a stage of the disease – T2aN-
0M0G2R0. The results of immunohistochemical 
analysis showed that this patient has a moderate 

level of expression of C-KIT protein (2+). How-
ever, despite the data obtained, our results showed 
that for non-small cell lung cancer, the expression 
of the C-KIT gene is not associated with mutations 
and are rare as in other researchers. Analysis of the 
expression level showed that 40.91% of patients had 
increased expression of the C-KIT gene, which is a 
high indicator for the development of cancer. Thus, 
the relationship between gene expression and muta-
tions was not observed in our studies, as well as the 
relationship between expression and cancer stages in 
patients. C-KIT gene expression level may be due to 
gene amplification rather than mutations.

Conclusion

Our results show that the level of C-KIT gene 
expression is high for patients with lung cancer in 
Kazakhstan and is much more common than genetic 
disorders in this gene. Due to the high frequency of 
expression of this gene (40.91%), it is highly recom-
mended for patients to undergo various forms of lung 
screening tests. 

This will help to find the spectrum of causes of 
the disease and find the right treatment for the target-
ed therapy. There was not any relationship between 
disease stages and survival, despite the high level of 
C-KIT gene expression. 
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Optimization of conditions of ultrasound-assisted extraction  
of phenolic compounds from orange pomace  

(Citrus sinensis)

Abstract: Every year millions of tons of fruit peels, such as that from apples, oranges and pomegranates are 
disposed of as juice factory wastes in our country as well as globally. As we know today special attention 
is given to the optimum use of plant wastes and extraction of bioactive compounds, namely, antioxidants 
and antimicrobials. Unfortunately, Iran with a 15.2-30% green waste production, currently holds the first 
place in the world fruit waste production. The current study was carried out with the goal of optimizing 
the ultrasound-assisted extraction of antioxidant compounds from orange pomace. In this optimization by 
use of the response surface method, a Box-Behnken design was evaluated for three variables consisting of 
ultrasonication amplitude (20, 60 and 100%), ultrasonication time (15, 35 and 55 min) and ultrasonication 
temperature (35, 50 and 650C). The results showed if the extraction time, extraction temperature and 
ultrasonication Amplitude were to be set at 26.43 min, 350C and 65.66%, respectively, the highest 
antimicrobial antioxidant compound extraction efficiency would be reached. Under such conditions, 
phenolic compounds amount of 91.96 mg of gallic acid, free radical inhibition of 57.89% and extraction 
efficiency of 10.62% were attained. The results demonstrated that ultrasonication could be a very effective 
method for continuous extraction of antioxidant compounds from fruit waste.
Key words: antioxidant, Box-Behnken design, orange pomace extract, total phenolic compound, ultrasound.

Introduction

Every year millions of tons of fruit peels, such 
as that from apples, oranges and pomegranates are 
disposed of as juice factory wastes in our country 
as well as globally. As we know it today special at-
tention is given to the optimum use of plant wastes 
and extraction of biologically active compounds, 
namely, antioxidants and antimicrobials [1]. Un-
fortunately, Iran with a 15.2-30% green waste pro-
duction, currently holds the first place in the world 
fruit waste production. On the one hand, wastes 
lead to loss of national resources, on the other 
hand, the disposal of which causes some difficul-
ties. For example, wastes rich in phenolic com-
pounds, which are usually buried in the ground, in 
addition to being expensive, cause environmental 
problems [2].

From another point of view, the pursuit of find-
ing replacements for synthetic antioxidants has led 
to examination of numerous antioxidants from plant 
sources. Examinations have shown that antioxidant 
activity of some fruits and vegetables is dependent 
on the total amounts of phenolic compounds in them. 
Taking the fact that plants are natural sources of an-
tioxidants, research in this field is increasing. Citrus 
fruits possess considerable antioxidant activity, con-
taining large numbers of flavonoids. Recent research 
has been to explore ways of natural development of 
these compounds; it has been established that the 
antioxidant amount varies in different numbers and 
structures.

Choice of the extraction method is one of the 
main factors, which can affect the properties of the 
effective constituents of extracts [3]. Usually, ex-
traction by conventional methods requires a long pe-
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riod of time, high temperature and solvent amount. 
Thermal extraction causes antioxidant degradation 
and reduces the antioxidant activity of the produced 
extract. There are different extraction methods from 
plants and fruits [1; 3; 4]. The use of novel and prac-
tical methods, such as the ultrasound process for 
extraction of higher quality, more stable, soluble in 
water and remaining safe extracts along with reduced 
related expenses (high efficiency and low energy and 
water consumption), seems important  [5-7]. Ultra-
sound-assisted extraction, can lead to higher extrac-
tion of effective constituents from orange pomace. 
More than 88 000 000 tons of various citrus fruits 
are produced worldwide each year, of which wastes 
account for about 15 000 000 tons. Citrus wastes usu-
ally consist of water, soluble sugars, fiber, organic 
acids, amino acids, protein and minerals of different 
amounts. Considering the vast amounts of protein 
and fibers present in citrus wastes they can be used as 
a high-energy source in livestock diet.

In recent years, various researches have been 
carried out in the field of application of ultrasound 
waves in processing of food materials. For in-
stance, Sharayei et al. performed a study with the 
purpose of optimum use of pomegranate peel as 
the residue of agriculture and pomegranate juice 
factories, and extraction of biologically active 
compounds (antioxidant and antimicrobial), em-
ploying the ultrasound-assisted method. Results 
showed that all aqueous extracts of pomegranate 
and peel, possessed the antioxidant activity and 
antioxidant potency of 6% aqueous extract of 
pomegranate peel, was roughly the same as that 
of synthetic butylated hydroxytoluene antioxi-
dants [8]. A study was carried out on the effects 
of high-powered ultrasound waves on ground ol-
ive grains. It was determined that in the presence 
of these waves, cell walls and plant tissues are 
disrupted and more antioxidant compounds (poly-
phenols and tocopherols) and pigments (chloro-
phyll and carotenoid) found a way into the oil and 
led to an increase in nutrition rating [9]. Rosange-
la et al. examined the chemical composition of 
yerba mate tea (Ilex paraguariensis leaves) using 
the ultrasound-assisted method. The use of ultra-
sound waves led to improved caffeine and palmit-
ic acid amounts efficiencies in methanol solvent 
[12]. In this study, optimization of ultrasound-
assisted extraction of phenolic compounds from 
orange pomace, and later comparison between the 
two methods, i.e., maceration and ultrasonication 
are under the scope.

Materials and methods

Plant materials. Orange wastes were purchased 
from Iran Citrus Co. (Tonekabon, Mazandaran Prov-
ince) in August, 2016. The wastes, after drying at 
room temperature and away from sunlight, were 
completely dried and grounded using an electric 
grinder and passed through a mesh strainer No. 20 
and kept at a dark, cold and dry place. 

Chemicals and reagents. All chemicals and re-
agents used in this study, were analytical grade, in-
cluding Folin-Ciocalteu reagent (FC), gallic acid, 
DPPH (2,2-diphenyl-1-picrylhydrazyl) reagent ob-
tained from Sigma-Aldrich Corp. (St. Louis, MO), 
chemical and organic solvents purchased from Mer-
ck KGaA (Darmstadt, Germany).

Extraction procedures. In order to produce ex-
tracts from orange wastes, the maceration and ultra-
sound-assisted methods were used. The solvent used 
in both methods was 70% ethanol.

Maceration extraction method. For this pur-
pose, 100 g of powdered orange pomace was care-
fully weighed and poured into a 1000 mL beaker 
containing 70% ethanol solvent and stirred for 24 h 
at room temperature. The solution was then filtered 
under vacuum and concentrated up to the point of 
full dewatering using a rotary dryer (Laborota 4000, 
Germany) at 450C in an oven until reaching constant 
weight under vacuum.

Ultrasound-assisted extraction method. For this 
purpose, a 100 g of powdered orange pomace was 
carefully weighed and poured into a 1000 mL bea-
ker containing 70% ethanol solvent and moved to the 
special ultrasonication chamber. For ultrasonication, 
the ultrasonic device model (UP400S, Heilscher, 
Germany) with 400 W power and H7 type probe 
made from titanium; diameter – 7 mm, length – 100 
mm was used. For extraction, parameters of ultra-
sonication changed as follows: time – 15, 35 and 55 
min, amplitude – 20, 60 and 100%, temperature – 35, 
50 and 650C; with the sound frequency of 24 kHz 
based on the variables surfaces predicted in the Box-
Behnken design, according to Table 1, were selected.

Statistical analysis. In order to study the effect 
of time, temperature and amplitude of the process on 
optimization of extraction conditions of phenolics, 
tests were performed based on an RSM design in 3 
factors and 3 design surfaces and a Box-Behnken 
design. The software in use was Design Expert and 
graphs were drawn by Microsoft Excel. The coded 
and actual levels of each of the variables are given 
in Table 2.
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Table 1 – Random treatments of the Box-Behnken design experimentation

Treatment Time (min) (A) Temperature (0C) (B) Amplitude (%) (C)
1 55 35 60
2 55 65 60
3 35 65 20
4 15 65 60
5 35 65 100
6 15 50 20
7 55 50 100
8 15 35 60
9 35 50 60

10 55 50 20
11 35 35 100
12 35 35 20
13 15 50 100
14 35 50 60
15 35 50 60

Table 2 – Valuable codes, independence variables and actual value used in ultrasound method

Independence variables Valuable codes Actual value
Time -1, 0, +1 15, 35, 55

Temperature -1, 0, +1 35, 50, 65
Amplitude -1, 0, +1 20, 60, 100

Measurement of TPC. The total phenolic content 
(TPC) in the extract produced from the two extraction 
methods, maceration and ultrasonication, was deter-
mined with Folin-Ciocalteu [11]. For that 500 µL of 
the extract solution were poured into a test tube and 
then 500 µL of the diluted Folin-Ciocalteu solution 
with a 1:10 ration and 6 c.c. of distilled water were 
added to the solution. 8 minutes later, 1.5 mL of 20% 
sodium carbonate were added and adequately stirred. 
The compound within the test tube was incubated for 
30 min at room temperature and the absorbency read 
at 765 nm on the spectrophotometer with the follow-
ing formula (Eq.1).

P= *1000, 

where
P – TPC (mg gallic acid per g) 
Y – TPC (mg gallic acid per mL)
W – sample weight (g)
The total phenolic content from the drawn linear 

equation based on gallic acid (0, 30, 70, 110, 150, 

190 and 200 ppm in 70% ethanol), was expressed as 
mg of gallic acid per g of dried extract.

Estimation of antioxidant capacity. Estimation of 
the free radical-scavenging activity was performed 
through the use of the DPPH test and 2,2-diphenyl 
picrylhydrazyl reagent [12]. The DPPH reagent was 
obtained by adding 0.009 g of 2,2-diphenyl picryl-
hydrazyl reagent to 75 mL of methanol. A ml of the 
aforementioned solution was added to the 500 µL 
sample and then 3.5 mL of methanol was added to it. 
Then stirring was carried out for 30 s. The solution 
produced was incubated at room temperature for 90 
min and the absorbency of the sample reported at 512 
nanometers on the spectrophotometer device in the 
following formula (Eq.2).

DPPH (%) =  * 100, 

where
Acount – Absorbance of control
Asample – Absorbance of sample
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Extraction yield. The extraction efficiency is giv-
en by the following formula (Eq. 3):

EY=  * 100

Results and discussion

Model fitting. After data analysis with the goal of 
finding the best-suggested model from the five exist-
ing: mean, cubic, 2FI, linear, variance analysis, for 
which the sum of squares had significant differences, 
and the lack of fit was insignificant, the best model was 
selected. Given this subject and after examining the re-
sults obtained and a comparison between the existing 
regression models, the results indicated that the Qua-
dratic model for TPC, DPPH free radical-scavenging 
capacity and measured extraction efficiency tests in 
this study, had a significant difference compared to 
the other models. There models for which the Lack of 

fit was undefined (Table 3). Consequently, the Qua-
dratic model was selected for examining the trend of 
variations of the parameters measured in this study. 
After selecting the best model in the desired statistical 
surface (1% or 5%), in order to examine the effective 
parameters in the study, with regard to the variance 
table, the parameter for which the F test insignificant 
(P>0.05), is eliminated and the rest of parameters 
which had significant differences were kept.

It is worth mentioning that in the case that the 
linear parameter of a variable in a model, does not 
have a significant effect, yet its mutual effect with 
one of the other variables, which has a significant ef-
fect in the model, does have a significant effect, then 
that parameter is kept in the model and afterward the 
general equation is derived for any parameter, by the 
given coefficients. Ultimately, from amongst the dif-
ferent parameters, the parameter which has the high-
est sum of squares is selected as the most effective 
parameter.

Table 3 – Analysis of variance of the regression coefficients of the obtained models over the response variables (quantitative and quali-
tative properties) of orange pomace extract

Source df EY (%) TPC (mg GA/100 g) DPPH (%)

Coefficient Sum of 
Squares Coefficient Sum of 

Squares Coefficient Sum of 
Squares

Model 9 3.56* 48.97 -183.29* 9911.71 36.93** 1732.43
Linear

Time (A) 1 0.09* 7.26 0.025* 3257.05 -0.097ns 0.0015
Temperature (B) 1 0.01ns 0.80 7.87ns 904.83 0.366* 208.28
Amplitude (C) 1 0.19* 12.70 3.28* 1371.83 0.774** 633.86

Quadratic
A*A 1 ns-0.0029 5.14 -0.0084ns 41.87 -0.019* 228.91
B*B 1 -0.0004ns 0.044 -0.064ns 780.33 -0.0087 ns 14.42
C*C 1 -0.0013** 18.12 -0.016* 2639.61 -0.0021 ns 44.04

Interaction
A*B 1 0.002ns 2.82 -0.018ns 121.88 0.029** 320.77
A*C 1 0.00036ns 0.34 0.0079ns 160.53 -0.0002 ns 0.198
B*C 1 -0.0014ns 3.06 -0.024ns 876.75 -0.014** 305.20

Residuals 5 4.84 195.15 82.71
Lack of Fit 3 0.95 128.66 14.76
Pure Error 2 3.88 66.49 67.95

Total 14 53.80 12077.7 1815.14
Std. Dev 0.98 15.04 4.07

Mean 8.93 63.37 45.36
CV (%) 11.02 23.73 8.97

R2 0.91 0.89 0.95
Adj R2 0.74 0.71 0.87

Note: ns – no significant effect at level >0.1; Std. Dev (standard deviation) – *P<0.05; **P<0.01; ***P<0.001
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Investigating the effect of independent variables 
on qualitative and quantitative properties of orange 
pomace: effects of process variables on TPC extrac-
tion. The results from the variance analysis of the 
extract, extracted from orange pomace, quantitative 
and qualitative – experimental and predicted proper-
ties produced from the central combined design in 
the orange pomace extract production process, are 
given in Table 4.

With regard to Equation. 4 and Table 3, the pa-
rameters A and C2 were selected as the most effective 
factors in the extraction of phenolic compounds, us-
ing Eq.4.

TPC=-183.29+0.025A+7.87B+3.28C-
0.018AB+0.0079AC-0.024BC-0.0084A2-0.064B2-

0.016C2

In the RSM methodology, there is a step called 
Verification. In this step, the value for total pheno-
lic compounds extraction in the extermination step 

should be statistically compared to the value pre-
dicted by the model. In this examination, after hav-
ing carried out this step, the observed values were 
compared to the predicted values and the calculations 
may be seen in Table 4; the results are demonstrative 
of the good correlation between results obtained from 
the experimental method and the values predicted 
with the statistical method.

The significance of the quadratic temperature 
term shows that the rising trend of the amount of 
phenolics extraction continues until around 49 0C 
and declines with further increase in temperature 
(Figure  1-A). This phenomenon which has been 
reported in various studies is probably due to the 
destruction and oxidization of some of the heat-
sensitive polyphenols at higher temperatures [13; 
14]. Additionally, the rise of temperature also ex-
pands the level of phenolic compounds extraction 
and because of the increase in solubility of phe-
nolics, the rate of mass and heat transfer occurs 
faster [15]. 

Table 4 – Dependent and independent variables

Time (min) Temp. (0C) Amplitude 
(%)

EY (%) TPC (mg GA/100 gr) DPPH (%)

Real Values Predicted 
Values Real Values Predicted 

Values Real Values Predicted 
Values

55 35 60 10.14 9.94 60 65.25 38.03 38.77

55 65 60 11.4 10.99 26.49 32.94 44.81 46.48

35 65 20 10.3 10.29 30.08 36.98 59.6 59.56

15 65 60 7.2 7.40 89.59 84.34 29.28 28.54

35 65 100 5.8 6.02 41.66 33.56 25.18 24.29

15 50 20 8.2 8.01 72.14 70.49 49.02 49.80

55 50 100 7.2 7.39 54.68 56.33 32.8 32.02

15 35 60 9.3 9.72 101.02 94.57 58.32 56.65

35 50 60 9.65 10.80 71.15 87.18 46.51 52.46

55 50 20 8.9 9.32 30.82 17.47 51.9 50.27

35 35 100 8.4 8.41 91.34 84.44 51.93 51.97

35 35 20 9.4 9.18 20.54 28.64 51.41 52.30

15 50 100 5.32 4.90 70.66 84.01 30.81 32.44

35 50 60 12.35 10.80 98.25 87.18 52.71 52.46

35 50 60 10.4 10.80 92.14 87.18 58.16 52.46

Results acquired from the Ahmadian and Ni-
azmand study illustrate the specific effect of the mean 
temperature (43 0C) on the extraction of polypheno-
lic compounds from the saffron petal [16]. The effect 
of temperature on increasing extraction efficiency is 

most probably due to the improvement of mass trans-
fer at a higher temperature and therefore increasing 
the solubility of phenolic compounds, increasing the 
penetration rate and decreasing the coefficient of vis-
cosity, of the solvent. In addition, the rise in extrac-
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tion temperature, bringing about the dissociation of 
the bonds of the phenolic compounds with the rest of 
the compounds and affecting the membrane structure 
of plant cells can be responsible for extraction proce-
dure facilitation.

As apparent from Figure 1-B, by increasing the 
time from 15 to 25 min, the extraction efficiency 
amount increases. The underlying reason for these 
results may be explained in such a way that a pro-
longed contact time (the extraction time) leads to 
oxidization of phenolic compounds due to light or 
oxygen expression [17].

According to the investigation carried out in the 
research on ultrasound-assisted extraction of phe-
nolic compounds from wheat bran, the extraction 
amount of these compounds markedly increased 
from 15 to 30 min but then roughly decreased from 
30 to 50 min [11].

With regard to Figure 1-C by raising the device 
power up to 60%, the amount of polyphenolics ex-

traction efficiency increases and until 80% a margin-
ally rising trend was observed and declined thereaf-
ter. Ultrasonic waves generate numerous physical 
and chemical reactions, by means of creation and 
growth of bubbles in the environment and their im-
plosion under mechanical forces. When ultrasonic 
waves pass through a liquid, given a high enough ul-
trasonic natural Amplitude, as a result of the negative 
applied pressure, small bubbles are made and peri-
odic pressures and turbulences are formed. The bub-
bles implode with differing intensities and give rise 
to physical and chemical changes, this phenomenon 
is called cavitation [18]. The principal mechanism of 
ultrasound-assisted extraction is due to the cavitation 
phenomenon which leads to the generation of micro 
bubbles and subsequently an implosion within the 
liquid mass. The implosion of these bubbles is of-
ten accompanied by release vast amounts of energy 
which is exerted on the nearby environment in the 
form of shear stress [19].

A B C

Figure 1 – The effect of extraction conditions on the amount of extracted polyphenol extract from orange pomace.  
Note: A – time and temperature effects, B – time and amplitude effects, C – temperature and amplitude

Effects of process variables on antioxidant ac-
tivity. Investigation of the DPPH free radical inhibi-
tion activity is one of the techniques of determining 
antioxidant activity. In this method, the purple color 
of the DPPH free radicals is neutralized and made 
colorless under the influence of the existent anti-
oxidants in the extract. Thus, the degree of color-
lessness of this compound is descriptive of the free 
radical inhibition capacity of the existent antioxi-
dants. The results from the variance analysis dem-
onstrate the significance of temperature, amplitude, 
quadratic of time and also the interaction terms of 
temperature and ultrasonication Amplitude and the 
temperature and time interaction. With regard to Eq. 

5, the Amplitude was reported as to possessing the 
most effective parameter upon the scavenging of 
free radicals.

DPPH = 36.93-0.097A+0.366B+0.774C+
+0.029AB-0.002AC-0.014BC-0.019A2-

-0.0087B2-0.0021C2

According to the response surface diagram in 
Figure 2-A, by increasing the time up to 40 minutes, 
an increase in inhibition percentage was observed. 
Heidari et al. investigated the antioxidant properties 
of Flomidoschema parviflora [20]. These research-
ers reported that by means of increasing the time, the 
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free-radical scavenging has risen which is because of 
the growth of phenolic compounds extraction with 
the increase in time and their inhibition effect on the 
free radicals. Yet, with increasing time (times greater 
than 46 min) this trend has become very gradual and 
the free-radical scavenging amount declines, with 
which study, the results from the relation by increas-
ing time to 36 min, agree.

Taking into consideration the response surface 
diagram related to the inhibition percentage, which 
is represented in Figure 2-B, the extraction tempera-
ture parameter has caused a rise in the capacity with 
a further increase in temperature. In the research on 
grape peels conducted by Ghafoor in order to opti-
mize the conditions of ultrasound-assisted extraction, 
by means of the two extraction temperature and ultra-
sonication amplitude parameters, it was determined 
that with rises in the extraction temperature and ul-
trasonication amplitude the free-radical scavenging 
capacity increases [21].

According to Figure 2-C related to the free-radical 
inhibition effect, the amplitude parameter, originally 
increased the capacity of up to 80%, and then led to 
its decrease. The reason behind the aforementioned 
results can be described as the rise in amplitude, by 
means of cavitation, brings about the breakage of the 
plant cell membrane and further solvent penetration 
into the inside of the plant cell, as well as improving 
the mass transfer and the contact surface between the 
solid and liquid phases, through membrane decom-
position and its release and fast spread into the liquid 
phase. In the research carried out by Ahmadian and 
Niazmand, the results showed that with an increase 
in the amplitude, the free-radical scavenging amount 
has grown, in such a way that at 100% of amplitude, 
the highest inhibition percentage was observed [16]. 
In fact, this is a result of the higher polyphenolic 
compounds extraction at this amplitude and therefore 
increasing cell wall destruction and expanded exit 
and access of such materials.

A B C

Figure 2 – The effects of the extraction conditions on the free-radical scavenging percentage of the extracted orange pomace extract. 
Note: A – the effects of temperature and time. B – the effects of temperature and amplitude. C – the effect of time and amplitude

Effects of process variables on extraction yield. 
Examination of the variance analysis table (Table 3) 
and Eq. 6 shows that the time, amplitude and qua-
dratic of amplitude have the stronger effect on the 
amount of extraction efficiency.

YELD =3.56+0.09A+0.01B+0.19C+
+0.002AB+0.00036AC-0.0014BC-0.0029A2-

-0.00048B2-0.0013C2

With regard to the extraction efficiency response 
surface diagram displayed in Figure 3-A, with an in-
crease in time up to 46 min, growth in the efficien-
cy amount was observed. Time increases the mass 

transfer period. The drop in the effective constituent 
extraction amount with an increase in time from 43 
to 55 min is probably caused by the destruction of 
some active natural compounds. One can describe 
that the longer time period, having brought about the 
enhanced cell wall disruption, leads to the extraction 
of insoluble compounds within the solvent, which 
results in the lower solvent penetration of cells [22; 
23].

Furthermore, bearing in mind the significance of 
the temperature parameter, it is validated that with 
an increase in the extraction temperature, the extrac-
tion efficiency amount is expanded. Temperature is 
one of the key factors in the extraction efficiency 
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amount, in a way that the rise in temperature has 
caused an increase in the solvent penetration rate 
(Figure 3-B).

According to the response surface diagram, with 
an increase in the device output up to 76%, an en-
hancement in extraction efficiency amount was ob-
served (Figure 3-C). The extraction amount growth 
by an increase in Amplitude is probably because of 

the cavitation phenomenon resultant of the ultrasoni-
cation; the cavitation phenomenon leads to increased 
plant tissue [24]. The decline in the effective con-
stituents’ extraction amount, caused by increasing 
the ultrasonication amplitude from 80% to 100%, is 
probably a result of the destruction of some active 
natural compounds because of the high amplitude of 
the waves [24].

 

A Figure 3-B Figure 3-C

Figure 3 – The effects of the extraction conditions on the extraction yield of the extracted orange pomace extract. 
Note: A – the effects of temperature and time; B – the effects of temperature and amplitude; C – the effect of time and amplitude

Optimization comparison ultrasound-assist-
ed extraction with conventional extraction. The 
measurement  of total phenolic compounds, free-
radical scavenging, and extraction efficiency amount 
through maceration and ultrasonication methods 
demonstrated the method of extraction has a pro-
found effect on the total amount of phenolic com-
pounds in terms of gallic acid. As apparent, the ul-
trasonication method has extracted more phenolic 
compounds compared to the maceration method (for 
the ultrasonication method, the phenolic compounds 
amount in terms of gallic acid was obtained as 91.96 
mg, the free-radical scavenging amount as 57.89% 
and the extraction efficiency as 10.62% and for the 
maceration method the phenolic compounds amount 
was obtained as 11.10 mg of gallic acid, the free-radi-
cal scavenging as 2.79% and the extraction efficiency 
as 4.46% per 5 g of the initial powder). It can be said 
the shear stress exerted by ultrasonic waves lead to 
the breakdown of large polymer molecules, which in 
turn results in the better extraction of phenolic com-
pounds compared to the maceration method. These 
results are in accordance with the report by Albu et 
al., who reported that utilization of the ultrasonica-
tion method led to additional extraction of carnosic 
acid from rosemary [26].

Findings related to the corrosion activity of free 
radicals in the different extraction methods, i.e. ul-
trasonication and maceration, is indicative of the no-
table difference between methods [20]. The extract 
produced from the ultrasonication method possesses 
obtains higher free-radical corrosive activity than 
that of the maceration method and one can state that 
the enhanced phenolic compounds extraction in the 
ultrasonication method, in comparison to the mac-
eration method, has led to the increased antioxidantal 
activity in the ultrasonication method.

Conclusion

Orange pomace has agreeable antioxidant activ-
ity due to high amounts of polyphenolic compounds. 
With regard to the rich vegetation of the country in 
terms of the area under cultivation and production of 
orange fruits, considering its nutritional and pharma-
ceutical rating, it is possible to have it introduced as 
a natural antioxidant source within the food indus-
try. Analysis of the Box-Behnken design response 
surface with three independent variables consist-
ing of time, temperature and device ultrasonication 
amplitude serving as effective parameters on the 
extraction of antimicrobial compounds from orange 
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pomace was carried out. The finding signaled that 
the response surface methodology can be used sat-
isfactorily in the evaluation of the efficiency of the 
extraction procedure employed. All three ultrasoni-
cation extraction parameters: temperature, time and 
amplitude led to the increased antioxidant activity. 
Suggested models have high R2 and R2 (adj.) values 
with insignificant lack of fit value and low coefficient 
of variations showing their suitability in predicting 
the evaluated parameters. On the one hand, by utiliz-
ing the models, adjustment of the extraction condi-
tions is made possible, and on the other, considering 
the utilized extraction conditions, predict and rectify 
the desired properties.
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Systematic analysis of flora of Atyrau city

Abstract: Currently, a great deal of attention is attracted to the study of regional flora as part of the solution 
to the problem of the study and conservation of biodiversity. Complete information on the composition 
of the flora of a particular region is important; it allows to establish the structure and genesis of its 
components, identify individual characteristics, restore the history of formation and trends. Therefore, 
the study of the flora of any region will always be relevant. The most important qualitative indicator of the 
flora it is a systematic structure. This article presents the results of a study obtained during a systematic 
analysis of the flora of Atyrau. It was revealed that the flora of the study area includes 27 families, of 
which 10 leading families make up 73.4% of the total species composition. The leading families in this 
taxonomic composition are the following families: Chenopodiaceae (90 species, 26 genera), Asteraceae 
(70 species, 32 genera), Poaceae (55 species, 30 genera). Dominant genera are: Artemisia, Astragalus, 
Salsola. Endemic species in the city of Atyrau revealed – 8, rare species – 6. Flora was studied using 
geobotanical and floristic research methods, the main of which was route-reconnaissance. Based on 
the analysis of literature data, viewing the herbarium of KazNU, materials collected in the framework 
of the scientific and technical program 0200/PTF14 on the topic: “Risk assessment of the impact of 
anthropogenic impact on the population of the Kazakhstan part of the Caspian region”, as well as their 
own research on the study and collection of plants in Atyrau, a list of flora has been compiled, including 
534 species belonging to 243 genera and 57 families.
Key words: flora, Atyrau city, systematic analysis, plant biodiversity, taxonomic composition, floristic 
spectrum.

Introduction

Under the conditions of a constantly growing 
anthropogenic impact on nature, one of the most 
pressing environmental problems is the conserva-
tion of biodiversity as an important factor in the 
stable functioning of the biosphere and the devel-
opment of human society. At present, a lot of at-
tention is paid to the problem of conservation of 
biological diversity; it is put forward as a priority. 
At the present stage of the development of society, 
when a person involves in production all new natu-
ral objects and territories, a comprehensive study 
of regional flora is of great importance. Full infor-
mation about the composition of the flora of a par-
ticular region is important as it allows establishing 
the structure and genesis of its components, iden-
tification of individual characteristics, restoration 

of the history of formation and trends of change. 
Therefore, the study of the flora of any region will 
always be relevant [1-5]. 

In this work, an analysis of the flora of the city of 
Atyrau is carried out, which is subject to increased 
anthropogenic impact on the environment, which 
leads to a deterioration in the quality of the natural 
environment, and in the long run is the reason for the 
reduction of biodiversity [6-9].

Atyrau is the administrative center of the Atyrau 
region. The city is better known to the general public 
as the “oil capital” of the Republic of Kazakhstan. 
The climate of Atyrau is sharply continental, arid. 
Summer is dry, long, hot; winter is not snowy, cold. 
The average temperature in January is 8-11 °C, in 
July +24 +25 °C. Annual snowfall is 100-200 mm. 
The major rivers flowing through the territory of the 
region are the Urals (total length 2534 km, within 
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Kazakhstan 1084 km), Emba (712 km), Sagyz (511 
km), Oyyl (800 km). The large lake of the region is 
Inder (110.5 sq. Km). The soil cover of the territory 
is very diverse, due to the diverse conditions of soil 
formation and the history of formation. The desert 
zone is divided into subzones of the northern des-
ert and brown soils into the subzone of the southern 
desert with gray-brown soils. The northeastern part 
belongs to the desert-steppe zone with light chestnut 
soils. A distinctive feature of the vegetation cover is 
its spatial heterogeneity. Among the leading factors 
determining the spatial distribution of vegetation 
are moistening conditions, salinity, soil composition 
and topography [9]. Currently, the city of Atyrau 
has been surrounded by industrial enterprises with 
a large number of harmful substances. Within the 
city are: Atyrau oil refinery, Atyrau Heat and Power 
Plant, washing station “PPS Oil Trade”, oil depot 
LLP “Caspiypromstroy real estate” (KPSN), New 
oil depot, LLP “Akzhayyk-7” (repairand washing 
of railway rolling stock), oil depot in Shirina vil-
lage, Asphalt plant, solid waste landfill, Atyrau oil 
pipeline department, Caspian pipeline consortium, 
Bolashak complex oil and gas treatment unit. Flora 
analysis plays a key role in solving the problems 
of biodiversity conservation in various regions. The 
work of both domestic and foreign authors is de-
voted to this problem: Mukhitdinov N.M. [10], Di-
meeva L.A. [11], Inelova Z.A. [12; 13], Ogar N.P. 
[14], Ivashchenko A.A. [15], Ganeshaiah K.N. [16], 
Conti F. [17], Sivtceva-Maksimova P.S. [18], Iva-
nov A.L. [19]. 

A systematic analysis is necessary to identify 
the taxonomic structure of the flora. This analysis 
determines the hierarchical sequence of taxa of the 
rank of family and genus, which refers to the specific 
features of this flora, shows its difference from other 
flora, and also determines the affiliation of the flora 
to largephytochorions of the globe. From this point of 
view, the systematic structure of the flora. Thus, the 
aim of this work was to conduct a systematic analy-
sis of Atyrau, one of the most developed industrial 
centers, to take measures to preserve the biological 
diversity of Kazakhstan.

Materials and methods

The material of the studies was the herbarium 
material of the Department of Biodiversity and 

Bioresources of the Kazakh National University 
named after al-Farabi, materials collected during 
the period of 2014-2017 in the framework of the 
scientific and technical program 0200/PTF14 on 
the topic: “Risk assessment of the impact of an-
thropogenic impact on the population of the Ka-
zakhstan part of the Caspian region”, and own col-
lection of species composition conducted during 
the period of 2018-2020.

In the field, a classical methods of floristic and 
geobotanical research are used [20]. The main meth-
od of investigation was route-reconnaissance, the es-
sence of which was to identify the main patterns of 
distribution of species composition and vegetation in 
the study area.

Before starting work, a route was laid according 
to which studies were conducted. During the route, 
a geobotanical description of vegetation was carried 
out in separate, small areas, collection and herbariza-
tion of species, their entry in special forms. The route 
was planned in such a way that it passed through 
various phytocenoses, capturing a variety of habitats 
[21].

When determining the herbarium samples were 
used as sources of the “Flora of Kazakhstan volume 
1-9” [22], “Illustrated determinant of plants of Ka-
zakhstan volume 1-2” [23], the definition of families 
and genera was carried out with the help of “Flora of 
Kazakhstan” by M.S. Baitenov [24].

The location of species and supraspecific catego-
ries in the flora and floristic spectrum carried out ac-
cording to the system of A. L. Takhtajan [25]. The 
spelling of Latin names, the nomenclatural changes 
of the taxa were verified in accordance with S. K. 
Cherepanov [26].

The rare and endemic species distribution was 
verified according to the Red Book of Kazakhstan 
[27]. 

Results and discussion

As a result of the analysis of the plant species 
composition, compiled on the basis of our own and 
published data [11; 14; 28], the flora of Atyrau in-
cludes 243 genera and 534 species from 57 families. 
The most important qualitative indicator of the flora 
is its systematic structure. Fugure 1 presents the data 
on the systematic composition of families, genera, 
and species of flora in Atyrau.
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Figure 1 – Total taxonomic structure of flora of of Atyrau city
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According to the Figure 1, a wealth of species 
families: Asteraceae Dumort. (32 genera: Acantho-
lepis, Acroptilon, Amberboa, Artemisia, Carthamus, 
Centaurea, Chondrilla, Cichorium, Cirsium, Cousin-
ia, Echinops, Epilasia, Erigeron, Heteracia, Hyalea, 
Inula, Jurinea, Karelinia, Koelpinia, Lactuca, Mau-
solea, Microcephala, Onopordum, Rhaponticum, 
Scorzonera, Senecio, Serratula, Takhtajaniantha, 
Tanacetum, Taraxacum, Tragopogon, Xanthium), 
Chenopodiaceae Vent. (26 genera: Agriophyllum, 
Anabasis, Atriplex, Bassia, Camphorosma, Cera-
tocarpus, Chenopodium, Climacoptera, Corisper-
mum, Girgensohnia, Halimocnemis, Halocnemum, 
Halogeton, Halopeplis, Halostachys, Halotham-
nus, Haloxylon, Horaninovia, Kalidium, Kirilowia, 
Kochia, Nanophyton, Petrosimonia, Salicornia, 
Salsola, Suaeda), Poaceae Barahart (30 genera: 
Achnatherum, Aeluropus, Agropyron, Alopecurus, 
Anisantha, Bromus, Calamagrostis, Catabrosella, 
Crypsis, Cynodon, Echinochloa, Elymus, Elytrigia, 
Eragrostis, Eremopyrum, Festuca, Hordeum, Ley-
mus, Lolium, Melica, Phragmites, Рoa, Polypogon, 
Psathyrostachys, Puccinellia, Secale, Setaria, Stipa, 
Stipagrostis, Trisetaria ), Brassicaceae Burnett (22 
genera: Alyssum, Arabidopsis, Barbarea, Camelina, 
Cardaria, Clypeola, Crambe, Cryptospora, Desc-
urainia, Erysimum, Goldbachia, Hymenolobus, 
Lepidium, Leptaleum, Matthiola, Megacarpaea, Me-
niocus, Pachypterygium, Sisymbrium, Strigosella, 
Tauscheria, Tetracme), Boraginaceae Juss (Argu-
sia, Arnebia, Asperugo, Cynoglossum, Gastrocotyle, 
Heterocaryum, Lappula, Lycopsis, Myosotis, Nonea, 
Paracaryum, Rindera, Rochelia, Suchtelenia), Faba-

ceae Vent. (13 genera: Alhagi, Ammodendron, As-
tragalus, Caragana, Eremosparton, Ewersmannia, 
Glycyrrhiza, Halimodendron, Lathyrus, Medicago, 
Melilotus, Onobrychis, Trigonella) achieved through 
generic diversity. However, the systematic structure 
of the flora of Atyrau is also characterized by the sig-
nificant participation of single-species families: Eq-
uisetaceae Rich. ex DC. (Equisetum ramosissimum 
Desf.), Ceratophyllaceae S.F. Gray (Ceratophyllum 
demersum L.), Thymelaeaceae Juss. (Diarthron ve-
siculosum (Fisch. and Mey. ex Kar. and Kir.) C.A. 
Mey.), Peganaceae (Engl.) Tiegh. ex Takht. (Pega-
num harmala L.), Gentianaceae Juss (Centaurium 
pulchellum (Sw.) Druce), Apocynaceae Juss. (Tra-
chomitum scabrum (Russan.) Pobed.), Juncagina-
ceae Rich. (Triglochin palustre L.), Potamogetona-
ceae Engl. (Potamogeton pectinatus L.), Ruppiaceae 
Hutch. (Ruppia maritima L.), Zosteraceae Dumort 
(Zostera noltii Hornem.), Iridaceae Juss. (Iris tenui-
folia Pall.), Asphodelaceae Juss. (Eremurus inder-
iensis (Stev.) Regel), Hyacinthaceae Batsch (Orni-
thogalum fischerianum Krasch.), Ixioliriaceae Nakai 
(Ixiolirion tataricum (Pall.) Roem. and Schult.). The 
share of 15 single-species families accounts for only 
2.62% of the total number of species. The presence 
in the flora of one – two-species families is always of 
great interest, because centers of their species diver-
sity are found in other climatic regions.

The floristic spectrum of Atyrau city and the 
following systematic groups, presented in Table 1, 
shows that flowering plants were prevailing, while 
the horsetail and gymnosperms occupied the lowest 
share.

Table 1 – Distribution of plants of Atyrau city by the systematic groups

Systematic group Number of families Number of genus Number of species % of the total number of species
Horsetail 1 1 1 0.19

Gymnosperms 1 1 2 0.37
Angiosperms: 

- dicotyledonous
- monocotyledons

40
15

191
50

444
87

83.14
16.29

Total: 57 243 534 100

The species composition of the flora of Atyrau 
city is dominated by the divisions of Magnoliophyta, 
which accounts for 531 species (99.43%) and only 
a small number of species (3 or 0.56 %) belongs to 
Pinophyta and Equisetophyta (Figure 2).

The total number of dicotyledons in the flora of 
the study area includes 40 families (Ceratophylla-
ceae S.F. Gray., Ranunculaceae Juss., Papaveraceae 
Juss., Hypecoaceae (Dumort.) Willk., Fumariaceae 
D.C., Caryophyllaceae Juss., Amaranthaceae Juss., 
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Chenopodiaceae Vent., Polygonaceae Juss., Limoni-
aceae Ser., Tamaricaceae Link, Frankeniaceae S.F. 
Gray, Salicaceae Mirbel, Brassicaceae Burnett, Mal-
vaceae Juss., Euphorbiaceae Juss., Thymelaeaceae 
Juss., Rosaceae Juss., Lythraceae J. St.-Hil., Faba-
ceae Lindl., Rutaceae Juss., Zygophyllaceae Lindl., 
Nitrariaceae Bercht. et J. Presl., Peganaceae (Engl.) 
Tigh. ex Takht., Geraniaceae Juss., Elaegnaceae 
Juss., Apiaceae Lindl., Dipsacaceae Juss., Rubia-
ceae Juss., Gentianaccae Juss., Apocynaceae Juss., 
Solanaceae Juss., Convolvulaceae Juss., Cuscutace-
ae Dumort., Boraginaceae Juss., Scrophulariaceae 
Lindl., Orobanchaceae Vent., Plantaginaceae Lindl., 
Lamiaceae Lindl., Asteraceae Dumort.), containing 
191 genera and 444 species, which is 83.14% of the 

total number of species. Monocotyledons includes 15 
families (Juncaginaceae Rich., Potamogetonaceae 
Engl., Ruppiaceae Hutch., Zosteraceae Dumort., Iri-
daceae Juss., Liliaceae Juss., Allіaсeae J. Agardh., 
Asphodelaceae Juss., Hyacinthaceae Batsch, Ixioliri-
aceae Nakai, Asparagaceae Juss., Juncaceae Juss., 
Cyperaceae Juss., Poaceae Barahart, Typhaceae 
Juss.) containing 50 genera and 87 species or 16.29% 
of the total species, the spore plants (Equisetaceae 
Rich. ex DC.) and gymnosperms (Ephedraceae Du-
mort.) – 3 species (0.56%). 

There is a clear tendency in the ratio of the num-
ber of monocotyledonous and dicotyledonous genera 
towards increasing role of dicotyledonous, which is 
even more evident on the level of the families.

Figure 2 – Ratio of systematic groups of flora of Atyrau city

Accordingly, in the studied flora, most families, 
genera, and species are angiosperms, among which 
dicotyledons predominate.

On the territory of Atyrau city 57 families of 
plants were identified. Traditionally, in floristic 
works 10 large families of plants are considered in 
descending order of the number of species, which is 
called the family spectrum of flora. Analysis of the 
largest families of the flora of Atyrau city has al-
lowed identifying the 10 largest families in the great-
est number of species. 

The first 10 families (Chenopodiaceae, Astera-
ceae, Poaceae, Brassicaceae, Fabaceae, Boragi-
naceae, Caryophyllaceaе, Polygonaceae, Scrophu-
lariaceae, Apiaceae) contain 392 species of plants, 
which is about 73.4% of the total number of species. 

Figure 3 shows the spectrum of the 10 largest 
families in the flora of Atyrau city.

According to the data, the first place in the num-
ber of species and genera is occupied by the family 

Chenopodiaceae (90 species, or 16.85 % of the total 
number of species, 26 genus), then the second place 
is occupied by the Asteraceae family (70 species or 
13.11 %, 32 genus). The third place is occupied by 
the Poaceae family, which contains 30 genera, 55 
species, or 10.3% of the total number of genera. This 
is followed by the family Brassicaceae – 45 spe-
cies (8.43%), 22 genera. The family Fabaceae – 36 
species (6.74 %), numbers of genus 13. Boragina-
ceae family contains 29 species (5.43%), 14 genera, 
Caryophyllaceaе – 24 species (4.49%), 10 genera. 
This is followed by the families Polygonaceae and 
Scrophulariaceae, which contain the same number 
of species – 15 (2.81%), but a different number of 
genera – 6 and 5, respectively. In tenth place is the 
Apiaceae family with 13 species (2.43%) and 7 gen-
era. The above 10 families include 73.4 % of the total 
species composition of the flora of the studied region. 
Other families are characterized by more low species 
and generic diversity.
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Table 2 provides information on the number of 
species for the largest genera of flora Atyrau city. 
The largest and largest genera mainly belong to the 
leading families of the studied flora (Asteraceae, Fa-
baceae, Chenopodiaceae). The species of these gen-
era under appropriate environmental conditions cre-
ate a common floral background.

Table 2 – Number of species in the largest genera of flora of 
Atyrau city

Genus Number of species % of the total 
number of species

Artemisia 16 3

Astragalus 14 2.62

Salsola 12 2.45

Suaeda 10 1.87

Atriplex 9 1.48

Climacoptera 8 1.5

Anabasis 7 1.31

Tamarix 6 1.12

Gypsophila 5 0.94

Agropyron 4 0.75

Total – 10 91 17.04

According to the data presented in the Table 2 
the largest genera are Artemisia (16 species or 3%), 
Astragalus (14 species or 2.62 %), Salsola (12 spe-
cies, 2.45 %), Suaeda (10 species or 1.87 %). Can 
also be noted by the number of species: Atriplex (9 

species, 1.48 %), Climacoptera (8 species, 1.5 %), 
Anabasis (7 species, 1.31 %), Tamarix (6 species, 
1.12 %), Gypsophila (5 species, 0.94 %), Agropyron 
(4 species, 0.75%).

Accordingly, for 10 genera (4.11 % of the total 
number of genera) 91 species of flora are present in 
Atyrau city. On the territory of Atyrau city 8 endemic 
and 6 rare species were identified. In the study area, 
the following plants are endemic species: Atriplex 
pungens Trautv., Rubia cretaceae Pojark., Saponari 
aspathulifolia (Fenzl) Vved., Gypsophila krasche-
ninnikovii Schischk., Stemmacantha nitida (Fisch.) 
M. Dittrich (=Rhaponticum nitidum Fisch., Jurinea 
tenuiloba Bunge, Corispermum laxiflorum Schrenk, 
Suaeda kossinskyi Iljin. The rare species: Crambe ta-
tarica Sebeok, Lepidium meyeri Claus, Rubia creta-
cea Pojark., Linaria cretacea Fisch. ex Spreng., Tu-
lipa biflora Pall., Ornithogalum fischeranum Krasch.

Conclusion

Flora analysis plays a key role in solving the prob-
lems of biodiversity conservation in various regions. 
In accordance with the Convention on Biodiversity, 
the first step for conservation is an inventory of flora 
and natural plant resources, which is the foundation 
for the development of a scientifically based algo-
rithm for the rational use of plant wealth.

On the basis of the literature review and analysis 
of the herbarium, collected within the framework of 
scientific and technical program 0200/PTF14 “Risk 
assessment of the impact of anthropogenic impact 
on the population of the Kazakhstan part of the Cas-
pian region” and additional research on the study of 

Figure 3 – Number of species and genera in 10 leading families of flora of Atyrau city
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Atyrau flora, a list of plants has been compiled, in-
cluding 534 species belonging to 243 genera and 57 
families. The first ten leading families contain 392 
species and make up 73.4% of the total species com-
position of the flora of the study area. The leading 
families in this taxonomic composition are Cheno-
podiaceae (90 species, or 16.85% of the total num-
ber of species, 26 genera), Asteraceae (70 species or 
13.11%, 32 genera), Poaceae (55 species, which is 
10.3% of the total, 30 genera). Dominant genera are 
Artemisia (16 species or 3%), Astragalus (14 species 
or 2.62%), Salsola (12 species or 2.25%). Endemic 
plants in the city of Atyrau revealed – 8 species, rare 
– 6 species.

The results of the research will serve as the basis 
for the rational use of flora and vegetation in Atyrau, 
as well as the conservation of biodiversity.

The data obtained as a result of the study can 
be used to compile a floristic summary of Atyrau, 
the analysis of which serves as the basis for recom-
mendations on the protection of the plant gene pool, 
which under the conditions of increasing anthropo-
genic pressure will serve as material for long-term 
environmental monitoring of the ecosystems of the 
region.

The results of a systematic analysis of the flora of 
Atyrau allow us to identify centers of endemism and 
relictness, as well as to solve the issues of the place 
and role of this flora in a number of other adjacent 
flora.
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and industrially significant quantities of enzyme [8]. 
Microorganisms are genetically the most diverse 
group due to high metabolic flexibility and multiple 
enzyme based reactions which in turn catalyze 
complex structures like cellulose in D-glucose with 
the help of enzymes called cellulase. Microor-
ganisms have high impact on biotechnological 
applications due to these significant features [7]. 
Bacteria are emerging as hotspots of versatility and 
variety genetically and functionally. They can 
degrade lignocellulosic materials involving complex 
system of lignocellulolytic enzymes [9]. 

The complex cellulase enzyme system consists 
of three enzymes which are endoglucanases, 
exoglucanases and cellobioases [10]. Endogluca-
nases are β-1,4-D glucan-4-glucano-hydrolase and 
carboxymethyl cellulase, while exoglucanases are β-
1,4-D glucan-4-gluco-hydrolase and cellobiohyd-
rolase and cellobioases termed as CBH and 
cellobioases are β-D glucoside glucohydrolase and 
β-1,4-D-glucosidase, all free enzymes present in 57 
of glycosyl hydrolase families [11; 12]. Cellulolytic 
enzymes would be of great industrial use with the 
promising environmental and economical 
sustainability if their media could be improved with 
the proper optimized conditions for achieving best 
enzyme titer that eventually lessens its cost [13]. 

The optimization of cellulase production and 
selection of ideal substrate are major and important 
steps having significant enzyme titer at the end. 
Limited information was available for Bacillus 
species enzymology and its cellulytic activities. 
Bacterial cellulases usually reported to be 
extracellular and production can be optimized by 
adjusting nutritional parameters and physical 
properties like temperature and pH, etc. The major 
factor has always been carbon source but nitrogen 
phosphorus and metal ions sources are also of great 
importance [14]. 

Determination of cellulolytic potential of 
microorganism is carried out via fermentation 
process. There are two types used commonly one is 
solid state fermentation and second is submerged 
fermentation. Solid state fermentation is carried out 
in the absence of free liquids as microorganisms 
grow on firm surfaces holding up as substrates [15]. 
This type has been used mostly for filamentous 
fungi where solid substrate acts as natural surface 
for filamentous growth of fungi [16]. 

Submerged fermentation usually denoted as 
SMF is a type of fermentation which requires large 
amount of liquid substrates as compared to solid 
state fermentation. These may be water, molasses or 

broths. The products which mainly are secondary 
metabolites or enzymes are secreted in and collected 
form liquid media. Continuous replenishment of 
substrates or nutrient may be required according to 
the use of substrates in fermentation process. 
Microbes which need high moisture content for their 
growth such as bacteria usually best for this type of 
fermentation. The advantage of this technique is 
easy purification and product recovery [17; 18]. 
Submerged fermentation is preferred for bacterial 
cultures due to ease of purification, sterilization and 
process control. The culture conditions and media 
optimization are the major steps to be considered 
[19]. During early 1970’s, cellulase production was 
started commercially via submerged fermentation. 
Mega scale use of cellulase as animal feed additive 
and for stonewashing denim was practiced in 
industry during 1980’s [20]. 

Formulation of media is specific for the 
organism and its optimization is necessary for best 
production of required substance hence any general 
media composition cannot be used for optimum 
growth and cellulase production [21]. Response 
surface methodology (RSM) is the statistical 
analysis modeling used to optimize and evaluate 
many biotechnological processes and enzymatic 
hydrolysis [22]. RSM is affected by many 
parameters and variable factors affecting the results 
and then these are optimized for the best conditions 
using different designs of RSM with the interpo-
lation of first or second polynomial equations in 
sequential testing procedure [23; 24]. This techni-
que, RSM integrates mathematical and statistical 
approaches and analyzes defined independent 
parameters on response without having any previous 
information about the relation between response 
function and variable parameters [25-27]. RSM is 
being used now statistically, as an appropriate 
methodology for experiment designing, statistical 
model building, evaluation of factors affecting the 
optimum conditions for required response and in 
turn, decreasing the number of experiments for the 
required response [28]. In biotechnological 
processes, RSM evaluate the optimum conditions 
for the growth of microorganism and product 
formation [29; 30]. Here, RSM was used to 
determine optimal conditions for novel bacterial 
strain Bacillus parlichniformus and the factors that 
affect the response of cellulase production. Peanut 
shell waste has been taken as carbon source and 
cellulolytic potential of Bacillus parlichniformis 
was investigated in submerged fermentation with 
optimal medium conditions. 



30 Utilization of peanut shells as substrate for cellulase production in submerged fermentation through Box-Behnken Design

Int. j. biol. chem. (Online)                                               International Journal of Biology and Chemistry 12, № 2, 28 (2019)

Materials and methods 
 
Object. Samples of Bacillus paralichniformis 

isolated from soil were provided by the Laboratory 
of Microbial Biotechnology, Department of 
Biotechnology, University of Sargodha. The strain 
was maintained on nutrient agar slants and used for 
cellulase production in subsequent study. 

Enzyme production. Submerged fermentation 
was performed for the production of enzyme having 
medium ingredients of peanut shell waste, yeast 
extract and MgSO4. Concentration of these 
ingredients was optimized as per experimental 
design. The medium components were sterilized and 
inoculated with 1ml of 24 h old vegetative cell 
culture and placed in a shaking incubator for 24 h 
with a shaking speed of 120 rpm at 35C. Culture 
broth was consequently centrifuged at 10,000 x g 
and 4C for 10 min. Centrifuged pure extract 
without cellular material was used as source of 
crude enzyme extract for further processing.  

Cellulase assay. Carboxymethyl cellulase 
(CMCase) and filter paper activity (FPase) was 
estimated as described in our earlier reports [31]. 

Saccharification of peanut shell. In 500 mL 
conical flask, 100 mL of crude cellulase enzymes 
with 4% substrate was incubated at 50 °C for 
various time intervals. After termination of 
enzymatic hydrolysis, centrifugation of material was 
performed at 10,000 rpm for 10 min. 
Saccharification (%) was calculated using the 
following formulae [32]. 

 
Saccharification (%) =  

=  × 100 
 
Experimental design. Box–Bhenken design 

(BBD) was used for optimization of medium 
components in this study. The independent and 
noteworthy variables used were peanut shell 
(substrate) concentration (X1), yeast concentration, 
(X2) and MgSO4 (X3) and their levels are 
mentioned in Table 1. The relation between actual 
and coded values was described by the following 
equation; 

 
xi= , 

 
where xi and Xi are the coded and actual values of 
the independent variable, Xo is the actual value of 
the independent variable at the center point and DXi 
is the change of Xi. The response is calculated from 

the following equation using STATISTICA 
software (99th ed.). 

 
Y= βO+ β1X1+ β2X2+ β3X3+ β11X1

2+β22X2
2+ 

β33X3
2+β12X1X 2 +β13X1X3+β23X2X3 

 
Y is the response, X1, X2 and X3 are the 

independent variables, βO is the intercept, β1, β2 and 
β3 are linear coefficient, β1

1, β2
2 and β3

3 are square 
coefficients, β12, β13 and β23 are interaction 
coefficients. 

 
Results and discussion 
 
Cellulases were produced by Bacillus 

paralichniformis in SMF. Media optimization for 
best enzyme titer was carried out using three 
independent variables such as substrate (peanut shell 
waste) concentration (X1), Yeast extract (X2) and 
MgSO4 (X3) and their levels are mentioned in Table 
1. The response was calculated by second degree 
polynomial regression equation (Eq. 3; 4) using 
Minitab software version 9.  

With the optimized conditions of media, the best 
enzyme production obtained for CMCase was 
12.838 IU with optimized conditions of substrate 
concentration of 3 (%), yeast extract 0.45 (%) and 
MgSO4 0.01(%)after 24 h of incubation. This value 
was in close proximity with the predicted value of 
12.38850 IU as shown in table 2.Highest FPase 
production (40.956 IU) was observed with substrate 
concentration of 3 (%), 0.45% of yeast extract and 
MgSO4 concentration of 0.3 (%) having predicted 
value of 31.5108 IU.  

 
Table 1 – Coded and actual levels of the factors for three 
factors Box-Behenken design 

 
Independent 
variables 

Symbols Coded and actual values
-1 0 +1

Peanut shell waste X1 0.5 1.75 3
Yeast extract X2 0.1 0.45 0.8
MgSO4 X3 0.01 0.155 0.3

 
 
CMCase (IU) = -3.55 + 7.13 X1 + 18.15 X2 
+ 12.96 X3 – 0.574 X1*X1 – 19.62 X2*X2 – 

64.2 X3*X3 – 3.366 X1*X2 – 4.59 X1*X3 
+ 20.59 X2*X3Equation (3) 

 
FPase (IU) = 10.7 + 4.5 X1 + 30.4 X2 – 40 X3 

+ 1.36 X1*X1 – 40.4 X2*X2 -141 X3*X3 – 9.8 X1*X2 
+ 17.1X1*X3 + 88 X2*X3Equation (4) 
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Table 2 – Cellulase production by B. paralicheniformis using Box-Behenken design from peanut shells 
 

Run # X1 X2 X3 CMCase activity (IU) FPase activity (IU) 

Observed Predicted Residual Observed Predicted Residual

1 0.5 0.45 0.01 3.204 3.49975 -0.29575 7.238 16.68313 -9.4451
2 1.75 0.8 0.01 5.04 4.61963 0.420375 17.979 8.13738 9.84162
3 0.5 0.45 0.3 3.055 3.50450 -0.44950 7.238 6.48912 0.74888
4 3 0.8 0.155 6.557 7.42688 -0.86987 11.746 20.83875 -9.0927
5 0.5 0.8 0.155 3.024 3.14863 -0.12462 10.2 10.59650 -0.3965
6 1.75 0.1 0.3 4.085 4.50538 -0.42037 0.901 10.74263 -9.8416
7 3 0.45 0.3 9.358 9.06225 0.295750 40.956 31.51088 9.44513
8 3 0.1 0.155 12.043 11.91838 0.124625 36.45 36.05350 0.39650
9 1.75 0.45 0.155 9.358 9.36167 -0.00366 17.541 21.84300 -4.3020

10 1.75 0.45 0.155 9.019 9.36167 -0.34266 25.063 21.84300 3.22000
11 3 0.45 0.01 12.838 12.38850 0.449500 28.592 29.34088 -0.7488
12 1.75 0.1 0.01 7.682 8.25613 -0.57412 24.084 23.73163 0.35237
13 1.75 0.8 0.3 5.623 5.04888 0.574125 12.75 13.10238 -0.3523
14 1.75 0.45 0.155 9.708 9.36167 0.346333 22.925 21.84300 1.08200
15 0.5 0.1 0.155 2.62 1.75013 0.869875 17.709 8.61625 9.09275
 
 
All the data was statistically analyzed using 

analysis of variance for significance of the model 
(Table 3). The significance of model and response 
for coefficients is mainly dependent on F-value and 
P-values. The higher the F-value resulting in lower 
P-value described the high accuracy and signifi-
cance of regression model [33]. Therefore, higher 
computed Fischer’s F-value for CMCase was 26.07 
and for FPase 1.14 with P-value 0.001 and 0.468 
respectively. The model for CMCase was highly 
significant while FPase was found not significant. 
The fitness of model was further analyzed by the 
determination coefficient R2 for CMCase and FPase. 
The R2 value for CMCase and FPase were 97.91% 
and 67.17%, which revealed that 2.09% and 32.67% 
variation was not determined by model respectively. 
Higher value of R square of CMCase showed the 
accuracy of the model (Figure 1). 

Interaction effect of parameters. The interaction 
effect of substrate concentration (X1), yeast extract 

(X2) and MgSO4(X3) has been described in contour 
plots. Different pattern of colors in these plots 
depicted levels of enzyme production with one 
variable constant or zero level and two parameters 
with different levels (Figure 2). These plots 
indicated that each parameter significantly affect 
enzyme production. 

The results were validated further by repeated 
experiments of optimized values of significant 
parameters as predicted in desirability diagrams 
(Figure 3).Results were in the close range with 
predicted values. This figure depicted that at 
optimized levels of peanut shell waste 1.75%, yeast 
extract 0.45% and MgSO4 0.155%, the maximum 
CMCase production was 13.678 IU which was 
confirmed by repeated experiments. The predicted 
optimized value for FPase was 1.75% peanut shell 
waste, 0.45% yeast extract and 0.155%MgSO4 
yielded 41.016 IU enzyme production which were 
almost similar after experiments.  
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Table 3 – Analysis of variance for cellulase production from B.paralichniformis in submerged fermentation 
 

CMCase (IU) 

Sources DF Adj SS Adj MS F value P value

Model
Linear 

9 
3 

158.320 
114.650 17.591 38.217 26.07 

56.64 
0.001
0.000 

X1 1 104.351 104.351 154.66 0.000

X2 1 4.783 4.783 7.09 0.045

X3 
Square 

1 
3 

5.516
27.855 

5.516
9.285 

8.18 
13.76 

0.035
0.008 

X1
2 1 2.972 2.972 4.41 0.090

X2
2 1 21.329 21.329 31.61 0.002

X3
2 

2 Way 
interaction 

1 
3 

6.736 
15.815 

6.736 
5.272 

9.98 
7.81 

0.025 
0.025 

X1*X2 1 8.673 8.673 12.85 0.016

X1*X3 1 2.774 2.774 4.11 0.098

X2*X3 1 4.368 4.368 6.47 0.052

Error 
Lack of fit 
Pure error 

Total 

5 
3 
2 

14 

3.374
3.136 
0.237 

161.693 

0.675 
1.045 
0.119 

 
8.81 

0.104 
 
 

FPase (IU) 

Sources DF Adj SS Adj MS F value P value

Model
Linear 

9 
3 

1164.71
829.64 

129.41
276.55 

1.14 
2.43 

0.468
0.181 

X1 1 709.87 709.87 6.24 0.055

X2 1 87.58 87.58 0.77 0.421

X3 
Square 

1 
3 

32.19
142.35 

32.19
47.45 

0.28 
0.42 

0.618
0.749 

X1
2 1 16.76 16.76 0.15 0.717

X2
2 1 90.37 90.37 0.79 0.414

X3
2 

2 way 
interaction 

1 
3 

32.51 
192.72 

32.51 
64.24 

0.29 
0.56 

0.616 
0.662 

X1*X2 1 73.92 73.92 0.65 0.457

X1*X3 1 38.22 38.22 0.34 0.587

X2*X3 1 80.59 80.59 0.71 0.439

Error 
Lack of fit 
Pure error 

Total 

5 
3 
2 

14 

569.22
539.18 
30.05 

1733.93 

113.84 
179.73 
15.02 

 
11.96 

 
0.078 
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good industrial potential for cellulase production to 
perform cellulolytic functions, and it can also be 
used to convert lignocellulosic biomass into ethanol 
by saccharification. 
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neutralize the mutagen before it interacts with DNA 
and suppress its action, as well as activate the repair 
system [2; 7]. Therefore, the development and 
search for new sources of compounds with 
protective properties are undoubtedly relevant [8; 9]. 
Currently, chemically pure compounds and extracts 
from plants are used for this purpose. Antimutagenic 
properties have been identified in vitamins, amino 
acids, polyamines, endogenous antioxidants, and 
others. However, pure chemical compounds with 
antimutagenic action can have side effects. In this 
regard, drugs of natural origin are of great interest 
[7]. Besides, the process of obtaining drugs from 
plants is often more economically preferable than 
chemical synthesis [8]. 

Currently, medicinal plants arouse great interest 
as a promising source of biologically active 
compounds (BACs) with antioxidant and 
antimutagenic properties. Such substances can be 
used for a long time without harmful effects and 
have a complex effect on the body, as well as are 
relatively less allergenic in comparison with the 
synthetic analogs [10-13]. 

In Kazakhstan grows such medicinal species of 
plants of Lamiaceae family as Salvia (sage), Mentha 
(mint), Melissa (melissa), Leonurus (motherwort). 
Due to the phytochemical composition, medicinal 
plants of our republic have a broad pharmacological 
spectrum [14]. Therefore, screening of plants for 
genoprotective and antimutagenic potential is 
extremely promising. Screening and sampling of the 
most effective medicinal plants will allow us to 
offer certain species to create a collection of 
medicinal herbs that has genoprotective activity. 
The aim of the current research is the cytogenetic 
study of the mutagenic and antimutagenic activity of 
oregano (Origanum vulgare) and sage (Salvia 
officinalis) infusions of the Lamiaceae family on 
barley. 

 
Materials and methods 
 
Research objects. Barley of Baisheshek variety, 

which is zoned in Kazakhstan, was used for 
cytogenetic studies. Seeds of double-row barley 
(Hordeum vulgare L.) are widely used in 
cytogenetic studies, due to the small number 
(2n=14) and large size of chromosomes (length 6-8 
microns). Another advantage of barley as a test 
object is the low natural mutation rate. At the same 
time, barley seeds have a sufficiently high 
sensitivity to various factors with mutagenic 
activity. Also, barley is widely used in various 

studies on the biotesting of xenobiotics for 
mutagenicity and antimutagenicity [15]. 

Medicinal plants of the Lamiaceae family – 
oregano (Origanum vulgare) and sage (Salvia 
officinalis) were tested for antimutagenic activity. 
These herbs are rich in tannins, ascorbic acid, 
alkaloids, flavonoids, so they are in demand in 
traditional medicine. The natural level of mutation 
in seeds germinated on distilled water served as 
negative control. The standard mutagen methyl 
methanesulfonate (MMS, C2H6O3S), a potent direct-
acting alkylating agent, was used as positive control 
at a concentration of 10 mg/L [16]. MMS in 
standard short-term in vivo and in vitro tests shows 
mutagenic activity, in the umu-test induces the SOS 
response, in bacteria in the absence of metabolic 
activation induces point mutations. It also causes 
somatic and sex-linked recessive lethal mutations in 
Drosophila, induces neoplastic transformation in 
rodent cell cultures, in vivo causes mutations in 
germ cells of mice and in human cells in vitro 
causes the formation of micronuclei, single-strand 
DNA breaks, unscheduled DNA synthesis, gene 
mutations, and sister chromatid exchanges. The 
wide range of genetic activity shown above in the 
battery of different test systems explains the choice 
of methyl methanesulfonate as a positive control of 
genotoxic and mutagenic agents [16; 17]. 

Seed germination and cytogenic test. Barley 
seeds were treated separately with infusions of 
medicinal plants and mutagen before germination. 
Infusions were prepared according to the recipe on 
the pharmacy packaging. Three types of infusions 
were studied for mutagenic/antimutagenic activity: 
concentrated (according to the recipe), diluted 
(concentrated infusion diluted 2 times) and 
phytotea. To identify the antimutagenic activity of 
the studied plants, a combined treatment of barley 
with infusions and mutagen was performed. Seeds 
were taken in each infusion for 4 h. The treated 
seeds were washed and germinated in Petri dishes 
on filter paper moistened with distilled water in a 
thermostat at 25±1 C. A day later, germinated 
seeds with a length of primary roots 0.5 cm were 
transferred to filter paper moistened with a solution 
of 0.01% colchicine for 4 hours to accumulate 
metaphase plates. Then the roots were fixed using 
fixative (1:1 ethyl alcohol: glacial acetic acid), 
and after 24 h, they were transferred to 70% 
ethanol for long-term storage [18]. 

The fixed material was cold hydrolyzed in a 
diluted aqueous (1:1) cooled HCl solution for 40-50 
min at 4C. As a result of weak DNA hydrolysis, 
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free aldehyde groups are formed, which interact 
with the stain, and the chromosomes acquire a 
bright purple color. After staining, the roots were 
washed with freshly prepared sulphurous water to 
remove the stain that had not reacted with DNA 
from the cells. Next, maceration was carried out 
with the help of cytase (a mixture of cellulitic 
enzymes of the salivary gland of the grape snail), 
which destroys the intercellular substance and plant 
cell walls, contributing to the distribution of a 
monolayer of metaphase plates on the slide. The 
obtained cytological preparations were kept in a 
refrigerating chamber for 24 h at 74±1C to obtain 
permanent preparations.  

To determine the mutagenic/antimutagenic 
potential of infusions of medicinal plants, we used a 
metaphase method of chromosome analysis. It is 
widely used by researchers cytogenetic test provides 
information about the types of structural mutations 
and their frequency [1; 19]. Metaphase plates were 
analyzed on the optical microscope Olympus BX 
43F (Olympus, Japan). About 500 metaphases were 
analyzed in each variant. The effectiveness of 
reducing the frequency of MMS-induced chromo-
somal aberrations (the effectiveness of antimuta-
gens) was determined by the reduction factor (RF). 
The antimutagenic effect was considered moderate 
for 25-40% inhibition, strong for more than 40%, 

and not recognized as a positive result for less than 
25% inhibition. 

Statistical analysis. Statistical analysis of the 
results was carried out using the Analysis ToolPak 
in Microsoft Excel, Star Plus, and WinPepi. In each 
variant, the mean values and the standard errors of 
the means were calculated. Student's test was used 
to establish the reliability of differences between 
mean values of the different variants. The differen-
ces between the data were considered statistically 
significant with a confidence probability of 0.95. 

 
Results and discussion 
 
Analysis of the genetic activity of oregano and 

sage infusions was performed in two stages. At the 
first stage, mutagenic activity of infusions of 
different concentrations was studied in order to 
select such variants that would not give a mutagenic 
effect. At the second stage, DNA-protective activity 
of infusions was studied at combined action with 
mutagen on barley seeds. 

The study of mutagenic and antimutagenic 
activity of oregano (Origanum vulgare L.). The 
results of cytogenetic study of the root tip cells of 
barley seeds separately and combined treated with 
MMS and infusions of different concentrations of 
oregano presented in Table 1.  

 
 

Table 1 – Frequency and spectrum of structural chromosome disorders induced in barley seeds by separate and 
combined treatment with methyl methanesulfonate and oregano infusions 

 

Experiment variation 
Total 
studied 
cells 

Frequency of 
aberrant cells 

(М ± m%) 

Number of chromosomal aberrations per 100 
metaphase cells

total aberrations chromosomal 
type chromatid type 

Water (negative control) 480 1.25±0.51 1.46±0.55 0.83±0.41 0.63±0.36
ММS, 10 mg/L (positive control) 450 5.33±1.06* 6.44±1.16* 2.22±0.69 4.22±0.95*
Concentrated infusion 495 1.82±0.60 2.22±0.66 0.81±0.40 1.41±0.53
Diluted infusion 500 1.20±0.49 1.20±0.49 0.60±0.35 0.60±0.35
Phytotea 490 1.22±0.50 1.43±0.54 0.61±0.35 0.82±0.41
Concentrated infusion + ММS 500 3.60±0,83 3.80±0.86 1.40±0.53 2.40±0.68
Diluted infusion + ММS 490 2.24±0,67● 2.24±0.67●● 0.82±0.41 1.43±0.54●

Phytotea + ММS 490 2.04±0.64●● 2.24±0.67●● 1.02±0.45 1.22±0.50●●

MMS + concentrated infusion 480 4.17±0.91 4.58±0.95 1.67±0.58 2.92±0.77
ММS + diluted infusion 490 2.86±0.75 3.06±0.78● 1.02±0.45 2.04±0.64
ММS + phytotea 510 2.94±0.75 3.33±0.79● 1.18±0.48 2.16±0.64
Note: * – p<0,001 in comparison with the negative control;
 ● – p<0,05;●● – p<0,01 compared to methyl methanesulfonate 
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From the results, the frequency of aberrant cells 
in the control variant, when the seeds were 
germinated on distilled water, was 1.25 %. The 
number of chromosomal aberrations per 100 
analyzed metaphases was already higher because in 
1 cell were observed 2 chromosome structural 
abnormalities. The ratio of chromosomal and 
chromatid rearrangements was almost equal and 
amounted to 0.83% and 0.63%, respectively. 

The frequency of aberrant cells and the number 
of chromosomal aberrations per 100 metaphases in 
the cells of the root tip cells of MMS-treated seeds 
dramatically increased, compared to the control 
variant. The frequency of aberrant cells and the 
number of chromosomal aberrations per 100 
metaphases significantly (p<0.001) increased by 4.3 

times. The increase in the level of chromosome 
rearrangements occurred both due to structural 
mutations of chromosomal and chromatid types. 
Moreover, the frequency of chromatid-type 
abnormalities increased by 6.7 times (p <0.001), and 
the chromosome type – by 2.7 times. The obtained 
results indicate a high sensitivity of the genetic 
material to the mutagenic action of MMS in the 
synthesis phase (S) and postsynthetic phase (G2) of 
the cell cycle. The spectrum of chromosomal aberra-
tions was quite wide. Paired terminal deletions, 
paired point fragments represented chromosomal 
rearrangements, chromatid-type were represented by 
single terminal fragments and acentric single rings. 
Besides, it was noted abnormal anaphases, which 
were absent in the negative control (Figure 1). 

 
 

 
 
 
 
 
 
 
 
 
 

 

normal chromosome set, 2n =14 paired end deletion chromatid deletion 

 
multiple breaks centric ring multipolar spindles 

 
Figure 1 – Structural chromosome disorders induced by MMS, x1000 

 
 
Treatment of seeds with oregano infusions of 

different concentrations did not show any mutagenic 
effect. The level of chromosomal aberrations in all 
three variants of seed treatment with infusions was 
at the same level as control. There was an increase 
of 1.5 times in the frequency of aberrant cells and 
the number of chromosomal aberrations per 100 
metaphases in the treatment of seeds with a 
concentrated oregano infusion compared to the 

control, but this difference was not statistically 
significant. Therefore, the results obtained in this 
series of experiments indicate the absence of 
mutagenic activity in oregano infusions in the used 
concentrations. 

In the next series of experiments was studied, 
the ability of oregano infusions to modify the 
mutagenic effect of methyl methanesulfonate in 
their combined effect on barley seeds (Table 2). 
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Table 2 – Frequency and spectrum of structural chromosome disorders induced in barley seeds by separate and 
combined treatment with methyl methanesulfonate and sage infusions 

 

Experiment variation 
Total 

studied 
cells 

Frequency of 
aberrant cells 

(М ± m%) 

Number of chromosomal aberrations per 
100 metaphase cells 

total aberrations chromosomal type chromatid type
Water (negative control) 480 1.25±0.51 1.46±0.55 0.83±0.41 0.63±0.36

ММS, 10 mg/L (positive control) 450 5.33±1.06* 6.44±1.16* 2.22±0.06 4.22±0.95*
Concentrated infusion 510 2.16±0.64 2.94±0.75 1.18±0.48 1.76±0.58

Diluted infusion 490 1.43±0.54 1.63±0.57 0.82±0.41 0.82±0.41
Phytotea 475 1.68±0.59 1.68±0.59 1.05±0.47 0.63±0.36

Concentrated infusion + ММS 540 2.78±0.71● 3.15±0.75● 1.30±0.49 1.85±0.58●

Diluted infusion + ММS 510 1.76±0.58●● 1.96±0.61●●● 0.78±0.39 1.18±0.48●●

Phytotea + ММS 490 1.84±0.61●● 1.84±0.61●●● 0.82±0.41 1.02±0.45●●

MMS + concentrated infusion 480 3.13±0.79 3.75±0.87 1.46±0.55 2.29±0.68
ММS + diluted infusion 515 3.11±0.76 3.30±0.79● 1.36±0.51 1.94±0.61●

ММS + phytotea 510 3.14±0.77 3.53±0.82● 1.18±0.48 2.36±0.67
Note: * – p<0.001 in comparison with the negative control;
● – p<0.05;●● – p<0.01 compared to methyl methanesulfonate 

 
 
As can be seen from the presented results, 

pretreatment of barley seeds with concentrated 
infusion of oregano reduced the occurrence of 
MMS-induced structural mutations by 1.7 times. 
However, the observed decrease was not statistically 
significant. 

As a result of pretreatment of seeds with diluted 
oregano infusion and oregano phytotea with 
subsequent treatment of MMS, a statistically 
significant decrease in the level of MMS-induced 
mutagenesis was observed. In the variant with a 
diluted infusion, the frequency of aberrant cells 
induced by MMS was reduced by 2.3 times 
(p<0.05). The number of chromosomal aberrations 
per 100 metaphases decreased by 2.9 times (p<0.01) 
compared to the MMS treatment. The decrease in 
the level of chromosomal aberrations occurred both 
due to rearrangements of chromosomal and 
chromatid types. There was a statistically significant 
(p<0.05) decrease in the level of chromatid 
rearrangements. 

Oregano phytotea also significantly reduced the 
frequency of aberrant cells and the level of 
chromosomal aberrations induced by the mutagen. 
Thus, the frequency of cells with chromosome 
rearrangements induced by MMS decreased from 
5.33% to 2.04%, i.e., 2.6 times (p<0.01). The 
number of chromosomal aberrations per 100 cells 
decreased from 6.44% to 2.24%, which was 2.9 
times (p<0.01). At the same time, there was a 
statistically significant decrease in the level of 

structural rearrangements of chromatid type 
(p<0.01). 

In the seed posttreatment (first mutagen, and 
then treatment with infusion), the modifying effect 
mutagenic action of MMS was slightly different. So, 
in the posttreatment of concentrated oregano 
infusion after mutagen, the frequency of aberrant 
cells decreased by 1.3 times compared to the variant 
of separate treatment of MMS, and the number of 
chromosomal aberrations per 100 cells – by 1.4 
times. The level of chromosomal rearrangements 
decreased by 1.3 times, and chromatid type – by 1.5 
times. However, the observed decrease in MMS-
induced mutagenesis was not statistically 
significant. In variants with seed posttreatment with 
diluted oregano infusion and oregano phytotea after 
MMS, a statistically significant decrease in the 
number of chromosomal aberrations per 100 cells 
was observed, by 2.1 times (p<0.05) and 1,9 times 
(p<0.05), respectively. 

The obtained results indicate the ability of 
oregano infusions to modify methyl 
methanesulfonate-induced mutagenesis in the 
direction of its decrease. This fact allows us to 
assume that the complex of biologically active 
compounds contained in oregano has antimutagenic 
activity. Moreover, the antimutagenic activity of 
oregano infusions depends on their concentration. In 
this case, the concentrated infusion, in contrast to 
the diluted infusion and oregano tea, did not give a 
statistically significant antimutagenic effect.  
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Comparative analysis of the results of combined 
treatment of barley seeds with mutagen and oregano 
infusions showed that the pretreatment of infusions 
effectively reduces the level of induced mutagenesis 
than the posttreatment. 

The effectiveness of the antimutagenic action of 
oregano was evaluated by the reduction factor. The 
reduction factor in the diluted oregano infusion and 
oregano tea was above 60%. It indicates the ability 
of Origanum vulgare infusions to inhibit the 
mutagenesis MMS-induced mutagenesis by 60%. 
The obtained results suggest a strong antimutagenic 
effect, given by diluted infusions of the medicinal 
plant oregano that contains biologically active 
compounds. 

The study of the mutagenic and antimutagenic 
activity of infusions from the medicinal plant sage 
(Salvia officinalis L.). Results of cytogenetic study 
of the barley root meristem cells separately and 
mutually treated with MMS and sage infusions of 
different concentrations are presented in Table 2. 
All variants of sage infusions in barley seed 
treatment did not significantly increase the 
frequency of aberrant cells and the level of 
chromosomal aberrations by 100 metaphases 
compared to the negative control. So, if these 
indicators in the control were 1.25% and 1.46 per 
100 metaphases, then after seed treatments with 
concentrated, diluted infusions and phytotea 
indicators show – 2.16% and 2.94, 1.43% and 1.63, 
1.68% and 1.68, respectively. However, it should be 
noted that in the treatment with concentrated sage 
infusion, these indicators were higher by 1.7 and 2.0 
times, respectively, but the difference was not 
statistically significant. The results in these 
experiment series indicate the absence of mutagenic 
activity in sage infusions in the used concentrations.  

In the next series of experiments, barley seeds 
were successively treated first with sage infusions, 
and then with MMS mutagen in order to establish 
the presence or absence of antimutagenic potential 
in the infusions of this medicinal plant. In 
«concentrated infusion + MMS» combination 
(pretreatment) sage significantly reduced the 
frequency of aberrant cells and the number of 
chromosomal aberrations per 100 metaphases by 1.9 
times (p<0.05) and 2.0 times (p<0.05), respectively, 
compared to MMS treatment. At the same time, 
there was a statistically significant decrease in the 
number of chromatid-type structural aberrations 
(single terminal fragments, acentric rings, micro 
fragments) by 2.3 times (p<0.05). 

As a result of barley seed pretreatment with 
diluted sage infusion and sage phytotea, the 
inhibition degree of MMS-induced mutagenesis 
significantly increased. Thus, in the variant with a 
diluted sage infusion, the frequency of aberrant cells 
and the number of chromosomal aberrations per 100 
metaphases decreased by 3.1 (p<0.01) and 3.3 times 
(p<0.001), respectively, compared to treatment with 
MMS. A statistically significant decrease in these 
indicators happened due to structural 
rearrangements of the chromatid type (p<0.01). 
Pretreatment with sage phytotea before MMS 
significantly reduced the occurrence of mutagen-
induced chromosomal aberrations. Also, the level of 
aberrant cells fell from 5.33% to 1.84% (p<0.01), 
and the number of chromosomal aberrations per 100 
metaphases decreased from 6.44 to 1.84 (p<0.001). 
In this variant, was observed a statistically 
significant (p<0.01) decrease in the frequency of 
chromatid type rearrangements by 4.1 times. 

In the seed posttreatment (MMS + sage), the 
effect of sage modification of MMS-induced 
mutagenesis was significantly weaker and was not 
noticed in all treatment variants. Thus, with barley 
posttreatment after a mutagen with concentrated 
infusion, there was a tendency to a decrease in all 
studied parameters, that is, the frequency of aberrant 
cells, the number of chromosomal aberrations by 
100 metaphases and the number of rearrangements 
of the chromosomal and chromatid types. However, 
the observed decrease in the level of MMS-induced 
mutagenesis was not statistically significant. 

In variants with seed posttreatments with diluted 
sage infusion and sage phytotea after MMS, there 
was a statistically significant decrease in the number 
of chromosomal aberrations per 100 cells by 2.0 and 
1.8 times (p<0.05), respectively. The number of 
structural mutations of chromatid type (p<0.05) also 
significantly decreased in the variant with seed 
posttreatment with diluted infusion after MMS. 

The obtained results indicate the ability of sage 
infusions, depending on its concentration, to 
significantly modify the level of induced 
mutagenesis in the direction of its decrease. When 
sage infusions exposures combined with mutagen, 
there was a statistically significant decrease in the 
frequency of chromosomal aberrations induced by 
MMS. It should be noted, that the degree of 
inhibition of induced mutagenesis depended not 
only on the concentration of infusions, but also on 
the sequence of their treatment on the studied test 
object.  
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This fact allows us to assume that the complex 
of biologically active compounds contained in sage, 
has antimutagenic activity. Comparative analysis of 
the results of combined treatment of barley seeds 
with mutagen and sage infusions showed that the 
pretreatment of infusions reduces the level of 
induced mutagenesis more effectively than the 
posttreatment, same as in the case of oregano. 

The effectiveness of the antimutagenic action of 
sage was evaluated by the reduction factor. The 
reduction factor in the pretreatment of barley seeds 
with concentrated infusion was 51%, with diluted 
sage infusion and sage phytotea was 70% and 71%, 
respectively. The reduction factor indicates the 
ability of Salvia officinalis infusions to inhibit 
MMS-induced mutagenesis by 50-70% in case of 
barley pretreatment. The reduction factor at the 
posttreatment after MMS influence of infusions was 
49-45%. The obtained results indicate the presence 
of antimutagenic activity in sage infusions, due to 
the presence of different biologically active 
compounds in plants of this species. 

Thus, cytogenetic studies were carried out on 
barley seeds, separately and combined treated with 
infusions of different concentrations of two species 
of medicinal plants from the family Lamiaceae – 
oregano (Origanum vulgare L.) and sage (Salvia 
officinalis L.). The established antimutagenic 
activity of infusions from medicinal plants was 
presented in a statistically significant decrease in the 
level of chromosomal aberrations induced by the 
classical mutagen methyl methanesulfonate. There 
were no statistically significant differences in the 
level of modification of the mutagenic effect of 
MMS with the studied infusions containing 
biologically active compounds. 

Environmental pollution by hazardous agents 
with genetic activity significantly increases the risk 
of hereditary pathologies in newborns, malignant 
neoplasms and other diseases in the population. 
Therefore, one of the priorities of the state is its 
genetic safety. Within the framework of this 
problem, there is increasing interest in the process 
of reducing and leveling spontaneous or induced 
mutagenesis and in the general phenomenon of 
antimutagenesis. Therefore, the search and detection 
of compounds with antimutagenic activity are one 
of the most promising areas of research in recent 
years [9]. 

Numerous studies indicate that plants play an 
important role in maintaining human health. 
According to the World Health Organization, more 
than half of the world's population uses alternative 

medicine based on medicinal plants along with 
traditional medicine [20-22]. In recent decades, 
natural antioxidants have attracted attention for their 
protective effect, against toxicity and genotoxicity, 
caused by various physical and chemical agents. 
Many researchers note that the use in everyday life 
of various natural antimutagenic and antigenotoxic 
compounds that can reduce genetic material damage 
can prevent the development of cancer in humans 
[21-23]. There are two groups of antimutagens – 
desmutagens and bioantimutagens. The desmutagen 
removes genotoxic agents from the body or 
inactivates mutagens partially or completely before 
interacting with DNA. Bioantimutagen can 
participate in the processes of repairing damaged 
DNA. The mechanism, effectiveness, and spectrum 
of action of antimutagens can be different [1; 9; 24]. 

Currently, a large number of antimutagens of 
different nature have been revealed. The mechanism 
of action of many of them is still completely 
unknown, which is why they have not been widely 
used [24; 25]. In addition, the assessment of their 
harmlessness to the human has not been fully done, 
traditional pharmacotoxicological studies have not 
been carried out. This is why the search for 
inhibitors of induced mutagenesis among medicinal 
plants widely used in traditional medicine is the 
most promising. The antimutagenic effect of herbal 
preparations is due to the presence of biologically 
active compounds in them, primarily vitamins, 
phenols, polyphenols, pigments, amino acids and 
others [26; 27]. 

Based on the above, we performed cytogenetic 
studies of antimutagenic activity of two species of 
medicinal plants from the family Lamiaceae that 
widely used in traditional medicine – oregano 
(Origanum vulgare L.) and sage (Salvia officinalis 
L.). Antimutagenic activity of infusions of these 
medicinal plants was demonstrated in a significant 
decrease in the frequency of chromosomal 
aberrations induced by the classical mutagen methyl 
methanesulfonate. There were no statistically 
significant differences in the level of modification of 
the mutagenic effect of MMS by infusions of 
different concentrations. Also, there were no 
statistically significant differences in the degree of 
antimutagenic activity of oregano and sage infusions 
with MMS-induced mutagenesis. 

Origanum and Salvia plants from Lamiaceae 
family have anti-inflammatory, antioxidant, 
sedative, antibacterial, wound healing, toning, 
antiseptic effects, which are used in diseases of the 
upper respiratory tract and gastrointestinal tract. 
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Sage leaves contain essential oils (up to 2%) that 
include camphor, cineol, D-α-pinene, α- and β-
thujone, D-borneol, tannins, alkaloids, some acids, 
sodium, potassium, calcium, vitamins A, C, E, K, 
fiber and flavonoids. Oregano herb contains 0.3 to 
1% essential oil, which includes phenols (up to 
44%) – thymol and its isomer carvacrol, bi- and 
tricyclic sesquiterpenes (12.5%); tannins, ascorbic 
acid, and flavonoids. 

The composition of medicinal plants includes 
many natural phenolic antioxidants, which cause 
their antioxidant, anti-inflammatory, antimicrobial, 
antispasmodic and neuroprotective effects. Phenolic 
and polyphenolic compounds are involved in redox 
reactions and in the processes of neutralization of 
reactive oxygen species. There is data on the 
presence of antimutagenic and anticancerogenic 
activity of polyphenols [28]. 

Phytochemicals influence the processes of 
metabolism and neutralization of xenobiotics, 
including carcinogens and mutagens. They can bind 
free radicals and reactive metabolites of xenobiotics, 
inhibit enzymes that activate xenobiotics, and 
activate detoxification enzymes [24]. A 
comprehensive study of plant compounds as 
potential protectors for the toxic, genotoxic and 
mutagenic effects of various environmental 
pollutants on the body is required. 

 
Conclusion 
 
In the present study, cytogenetic studies were 

carried out on barley seeds, separately and mutually 
with infusions of different concentrations of two 
species of medicinal plants from the family 
Lamiaceae – oregano (Origanum vulgare L.) and 
sage (Salvia officinalis L.). Antimutagenic activity 
of infusions from medicinal plants was noted by a 
statistically significant decrease in the level of 
chromosomal aberrations induced by the classical 
mutagen methyl methanesulfonate. No statistically 
significant differences in the level of modification of 
the mutagenic effect of MMS with the studied 
infusions containing biologically active compounds 
were revealed. 
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Some issues of nanometals applications in cancer treatment

Abstract: Nanotechnology and the use of innovative materials, such as nanoparticles, have created a new 
and effective approach to fight cancer. Several achievements in cancer therapy using metal nanoparticles 
and challenges facing them are presented in the current review. Cancer therapy requires teamwork with a 
multidisciplinary approach. It has different levels according to the type of cancer, including chemotherapy 
(induction, neoadjuvant, adjuvant, consolidation or maintenance chemotherapy), radiotherapy and surgical 
resection. Nanometals and nanodrugs may be used on the different levels of cancer therapy, especially 
in chemotherapy. Platinum (Pt)-based drugs are one group of the most effective drugs used for cancer 
chemotherapy. Gold nanoparticles are the other group of nanometals commonly used in cancer treatment. 
Although effectiveness of nanometals including gold-, silver-, and iron-based, has been investigated on 
different cancer cell lines and animal models both in vitro and in vivo, their effectiveness should also be 
explored from the viewpoints of evidence-based medicine.
Key words: cancer, chemotherapy, nanoparticle, nanometal, platinum, gold, silver.

Introduction 

Cancer therapy is a multidisciplinary effort that 
requires involvement of different specialties, each 
providing specific services to the patient with the aim 
of ensuring that the patient receives optimum care 
and support. However, any innovation cannot be used 
directly in clinical practice, since any novel idea may 
intervene in the accepted procedure of therapy. Such 
challenges are now going to be solved thanks to evi-
dence-based medicine (EBM) [1; 2]. Use of innova-
tive materials, such as up-conversion nanoparticles, 
nanogold, quantum dots, magnetic nanoparticles and 
nanodiamonds has created a new and effective ap-
proach to fight cancer. Use of nanoparticles led to 
many opportunities in cancer diagnosis and treat-
ment. Hybrid proteins and nanostructures can be 
used to affect in different ways affecting the tumor, 
for instance, by creating magnetic field, temperature, 
light, etc. To date, substantial accomplishments have 
been achieved, but in spite of all successes, many 
problems like biocompatibility, selective drug trans-

fer, pharmacokinetics, safety and success of the cho-
sen treatment remain unresolved [3]. 

In this regard, we performed this review to dis-
cuss novel achievements of metal nanoparticles in 
cancer therapy and challenges facing them. 

Multi-subject cancer therapy 

Cancers are usually represented by hematologic 
malignancies and malignant solid tumors [4]. Solid 
tumors are mainly carcinoma (epithelial origin) and 
sarcoma (mesenchymal origin), transition from epi-
thelial origin to mesenchymal origin may occur as 
well [5; 6]. 

The general protocol of cancer therapy includes 
different levels of chemotherapy, radiotherapy, med-
ical and palliative therapy, and surgery. In hemato-
logic malignancies, the first level is induction [7]. 
The chemotherapy at this level results in reduction 
of malignant cell numbers from 1011 to 109 (approxi-
mately 99%) within one month. The clinical mani-
festation of this reduction is named complete remis-

https://doi.org/10.26577/ijbch-2019-2-bch1
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sion [8]. Patients are then prepared for consolidation 
therapy (a 1 to 2-month period). Thereafter, the re-
maining malignant cells should be destroyed during 
a 1 to 2-year period of maintenance therapy [9]. In 
solid tumors, surgical resection is essential. Steps 
preceding and following it may be or not to be per-
formed according to the type of cancer, its stage and 
clinical judgement of practitioners. Neoadjuvant che-
motherapy preceeds the surgical resection. It results 
in clearance of tumor margins and helps surgeons 
to differentiate tumor margins during resection. Al-
though level wise neoadjuvant chemotherapy of solid 
tumors is equivalent to induction level in treatment 
of hematologic malignancies, reduction of malig-
nant cell numbers from 1011 to 109 in solid tumors 
occurs after surgical level [10]. Level after surgical 
resection is called adjuvant chemoradiotherapy. The 
resection procedure can be R0 (without microscopic 
residue), R1 (without macroscopic residue) or R2 
(with macroscopic residue). R2 is also called as pal-
liative resection. Palliative therapy is used for the 
patients who are at end stages, have older ages or 
poor prognosis. Such patients are referred to pallia-
tive medicine ward [11]. We have indicated a com-
parison of cancer therapy levels in hematologic and 

solid malignancies through the lens of number of 
malignant cells in Figure 1 and Table 1. 

Figure 1 – Comparison of cancer therapy levels  
in hematologic and solid malignancies assessed  

by the number of malignant cells

Figure 1 shows that different levels are required 
to reduce the number of cancer cells in patient. All 
the levels should be completed to reduce the prob-
ability of recurrence. Nanodrugs can be used at these 
levels. For solid tumors, surgical resection is always 
necessary, except metastatic cancers. 

Table 1 – Levels and principles of cancer therapy in general 

Type of malignancy (cancer)
Hematologic Solid tumor

Level of therapy Method Outcome Level of therapy Method Outcome
Induction Chemotherapy Complete remission Neoadjuvant Chemotherapy Visibility of margins 

Consolidation Chemotherapy/ 
BMT 

Clearance of 
malignant cells Resection Surgery Clearance of 

malignant cells

Maintenance Chemotherapy/ 
Radiotherapy 

Prevention of 
relapse Adjuvant Radiotherapy/ 

Chemotherapy 
Prevention of 

relapse 
Palliative (if failure 

to cure)
Clinical and medical 

care 
Increased quality 

of life 
Palliative (if failure 

to cure) 
Clinical and medical 

care 
Increased quality 

of life 

Note: BMT: bone marrow transplantation 

Table 1 shows the levels of cancer therapy in 
detail. Complete remission belongs the signs and 
symptoms which patients have them at the time of di-
agnosis. In solid tumors, neoadjuvant chemotherapy 
helps to increase visibility of the tumor margins for 
better surgical resection; in addition, a partial remis-
sion may be observed. 

Molecular bases of cancer and mTOR signal-
ing pathway

In general, if cell replication signals uncontrol-
lably overcome cell cycle suppression signals a neo-
plastic tissue will be formed. Genes activating cell 
cycle are called proto-oncogenes and genes inhibit-
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ing cell cycle are called tumor-suppressor genes. The 
examples of proto-oncogenes are human epidermal 
growth factor receptor 2 (Her2), KRAS, beta-catenin, 
cyclin D1, c-Kit, vascular endothelial growth factor 
(VEGF) and other. Monoclonal antibodies are used 
to target the products of these genes. For instance, 
trastuzumab targets Her2, imatinib targets c-Kit and 
bevacizumab targets VEGF [12]. 

Mammalian target of rapamycin (mTOR) is a cen-
ter for multiple cell growth pathways and can be con-
nected with multiple other proteins, which play impor-
tant roles in cell growth. This system consists of two 
complexes; one of them is mTOR complex 1 and the 
other one is mTOR complex 2, which manage cellu-
lar processes by phosphorylation of major translation 
regulators, such as ribosomal S6 kinase and eukaryote 
initiation factor 4E binding protein. mTOR is sensi-
tive to physiological responses dependent on cellu-
lar levels of oxygen, nutrients and energy. Due to its 
important roles in various cellular processes and dis-
eases, mTOR is considered the molecular aim. mTOR 
is involved in obesity, depression and cancer and the 
importance of these diseases lead to production of the 

rapamycin, which in turn can inhibit mTOR and its 
analogs. mTOR signaling can be disrupted by genetic 
mutations, such as mutation in phosphatase and tensin 
homolog (PTEN) gene and cause several cancers like 
prostate, melanoma, breast, lung, endometrial, brain, 
thyroid, bladder and renal cancers. mTOR activity in 
both normal and cancer cells has been inhibited using 
different types of nanoparticles and results in reduc-
tion in the level of phosphorylated mTOR and subse-
quently mTORC1 catalytic activity [13-16]. 

Use of metals and metal nanoparticles in diag-
nosis and treatment of cancer 

Nanometals (metal nanoparticles) can be used 
both in diagnosis and treatment of cancer, includ-
ing targeted drug delivery [17], tracking of malig-
nant cells [18], magnetic-based hyperthermia treat-
ment [18], etc. The latter results in expression of 
heat shock proteins by tumor cells and induction of 
apoptosis [19]. We summarized specific nanopar-
ticles used for the specific cancer cell lines in Table 
2 [20-37].

Table 2 – Effects of specific metal nanoparticles on specific cancer cell lines

Nanoparticle 
(type) Cancer (cell line) Summary of findings Ref.

Gold 
(PEGylated) 

Reticulo-endothelial 
system

The aim of this study was to produce gold nanoparticles using plant-
mediated phytochemical extracts and take the conjugate particularly to 
the tumor. It was proved that PEGylated gold nanoparticles can be used 
as delivery vehicle for targeting small biomolecules (antibody etc.) to the 
tumor location. 

[23]

Gold (Au@QCS-
GA-FA)

Lung cancer cells 
(CHAGO)

Quaternized chitosan-gallic acid-folic acid stabilized gold nanoparticles 
(Au@QCS-GA-FA) has enough potential to use as an anti-cancer agent. [29]

Gold 
(Dox*FA-GO@Au) 

Ehrlich Ascites Tumor 
cells); EAT cells(-breast 
cancer); MCF-7 cell line

This study showed that gold nanoparticles can play important role in 
tumor management. [21]

Gold 
(lycopene-nanogold 

nanoemulsion)

colon cancer cell line 
(HT-29)

The aim of this study was to produce a nanoemulsion by the use of gold 
nanoparticles and lycopene and study the effect of this nanoemulsion on 
HT-29 colon cancer cell line.
According to this study LP–nanogold nanoemulsion have sufficient effect 
the treatment of colon cancer. 

[27]

Gold 
(Hyaluronic acid-

fabricated nanogold)

Lung cancer cell line 
(A549)

Inhibitor of apoptosis protein-2 (IAP-2) was drived into A549 cells by the 
use of gold nanoparticle and hyaluronic acid (AuNP-HA) and results to a 
reduction in the cell proliferation. 

[31]

Silver (Biogenic 
silver nanoparticles)

Human breast cancer 
(MCF-7 cell lines)

Biogenic silver nanoparticles showed their impressive role in inhibiting of 
MCF-7 cell lines. [30]

Silver (Plant derived 
silver-nanoparticle)

Colorectal cancer cell 
line (HCT116) PD-AgNP leads to apoptosis in colon cancer cells. [34]

Nanoparticle 
paclitaxel (NP PTX) Lung Cancer Nanoparticle paclitaxel (NP PTX) caused G2/M phase cell cycle pause 

and changed the microtubule dynamics resulting in cell death. [25]
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Nanoparticle 
(type) Cancer (cell line) Summary of findings Ref.

Silver Human breast cancer 
cells (MCF-7)

AgNPs signified sufficient cytotoxicity impact against MCF-7 at minimal 
dosage. [35]

Nanodiamond/
nanoplatinum Breast cancer cells (4T1) nanodiamond/nanoplatinum can be used as cancer therapy agent owing to 

its ability to reduce cell stiffness. [24]

Silver Prostate cancer cells 
(PC3) Prostate cancer cells can be destroyed by cytotoxic effects of Nanosilver. [22]

Silver 
(TAT-modified 

nanosilver)

Multidrug-resistant 
(MDR) cancer- 

melanoma

AgNP-TAT is a strong anticancer nanoparticle and can inhibit MDR, non-
resistance cells and the tumor growth. [32]

Silver Human oral squamous 
cell carcinoma (HSC-3)

The main purpose was the comparison of intracellular impacts between 
silver nanoparticles (AgNPs) conjugated with nuclear and cytoplasmic 
targeting peptides and peptide-conjugated gold nanoparticles (AuNPs).
Treated cell with AgNPs showed DNA damage and apoptosis.

[20]

Epigallocatechin-
3-gallate-gold 
nanoparticles 
(EGCG-pNG)

Bladder cancer EGCG-pNG as a antitumor agent can inhibit tumor cell growing owing to 
apoptosis. [26]

Fluorophore-
nanoparticle Breast cancer fluorophore-nanoparticle can be utilized as a designed complex to target 

breast cancer by emitting fluorescence conditionally. [36]

Gold Liver cancer
Nanogold revealed its potential for inhibiting of the angiogenesis and 
growth of liver cancer cells because of inhibition of the VEGF165-
induced signaling.

[33]

Gold Breast cancer

The aim was to develop a tumor-specific multi-functional, nano-entity 
which is able to detect and treat cancer.
gold-coated Fe3O4 nanoparticles are tumor-specific nano-agents and can 
play important roles in detection and hyperthermia for breast cancer.

[28]

Gold Colorectal carcinoma 
cell line (HT29)

The goal was to study that AuNPs can influence the epithelial origin cell 
lines: continuous and oncogenic. Cell line of HT29 showed sensitiveness 
to the effects of AuNPs.

[37]

Continuation of Table 2

Based on results, platinum (Pt)-based drugs are 
some of the most effective drugs used for cancer che-
motherapy. One of the efficient Pt-based anti-tumor 
drugs is Cisplatin (Cis-diamminedichloroplatinum-
II). It was approved in 1978 and is used for treat-
ment of various cancers such as testicular, prostate, 
bladder and lung cancers. Therapeutic function of 
Pt-based drugs is binding to DNA and stopping its 
replication. Cisplatin cannot be used for all types of 
cancers and resistance to it has been observed. Pt-
based complexes showed promising cytotoxic effect 
due to their structural properties [38; 39]. Other than 
conventional use of this metal, Pt-based nanoparti-
cles have been studied. These particles have radio-
sensitizing properties in comparison to metal atoms 
of Pt [40]. 

Gold (Au) nanoparticles are commonly used 
in cancer treatment and diagnostics. For instance, 
combinations of gold nanoparticles with anti-tumor 

marker antibodies have been used as biosensors 
[41]. Due to their physiochemical properties, gold 
nanoparticles can be used for hyperthermia-based 
treatment of cancer [42]. Their possibility to act as 
radiosensitizers has also been shown [40]. 

Silver (Ag) is known as a metal with antimicrobi-
al and anticancer effects. Previously, silver contain-
ing compounds have been shown to have antimicro-
bial and anticancer effects via induction of necrosis 
and late apoptosis [43]. According to these effects, 
nanoparticles of silver are also used [44]. Silver 
nanoparticles are usually synthesized by medicinal 
plants (green nanoparticles) [45]. 

Iron is another metal used in cancer therapy. It 
is suitable for heat induction. It has been previously 
proved that magnetic nanoparticles can destroy tu-
mor cells by heat delivery and use of alternating elec-
tromagnetic field. Magnetic materials, such as iron 
oxide (Fe2O3 or Fe3O4) are the most used materials 
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for hyperthermia. Nanoparticles can be employed as 
tumor hyperthermic treatment because of their ability 
to be utilized as a heat guide, where their sufficiency 
depends on their size. The best size of the particles to 
get heated well is within the range of 10-30 nm. Non-
invasive hyperthermic therapy may be feasible by 
heating a tumor model containing nanoparticles. Ab-
sorption of near-infrared reflectance can be improved 
using gold nanoparticles. Utilization of coated Fe3O4 
nanoparticles with gold is a useful method for optical/
thermal markers for seamless diagnosis and therapy 
in a minimally invasive way. This approach has been 
used towards the breast cancer cell lines [46; 47].

Medical plants and antioxidants can be used for 
their anticancer effects as well as their pain relieving 
effects [48]. For pathophysiology of cancers, role of 
mutilation in apoptotic related genes [49] and angio-
genic factors was investigated [50]. We also found 
that immune cells, such as natural killers might be 
involved in cancer [51]. 

Conclusion

This review was aimed to investigate the use of 
nanometals gold-based, silver-based, platinum-based 
and iron-based in cancer treatment. According to lit-
erature, specific metal nanoparticles can inhibit cell 
lines of different cancers based on in vitro experimen-
tal studies. In vivo studies were focused on magnetic, 
heat induction and ability to track effects. Metals (as 
single atom or in combination with other compounds) 
had been previously used in different diseases. Can-
cer had been a major concern and hence metals were 
studied for cancer treatment. Nanotechnology was 
added to this idea and therefore metal nanoparticles 
were innovated. They are used according to their tar-
geted effect, magnetic potencies and heat induction 
as well as tracking cancer cells for diagnostic aims. 
Use of nanoparticles should not intervene with the 
accepted levels of cancer therapy. Therefore, such 
agents should be used as a combination therapy and 
levels of evidence should be regarded and updated.
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Characterization and antimicrobial activity of lemon peel mediated  
green synthesis of silver nanoparticles

Abstract: For a long time, nanoparticle biosynthetic discipline is still under development and is 
known to have a big impact on numerous manufactures. Synthesis of nanoparticles by green methods 
with antimicrobial properties is of great researchers concern in the explored of new pharmaceutical and 
biomedical products. In this study, synthesis of silver nanoparticles (AgNPs) have been carried out using 
aqueous extract of lemon peel (Citrus limon), which acts as encapsulating cage for the silver nanoparticles. 
Synthesized AgNPs was monitored by formation of brown color, confirmed by UV/VIS spectra, which 
showed appearance of a surface plasmon resonance (SPR) band. FT-IR analysis of the bioextract after 
the addition of silver solution showed strong bands at 1021, 1443, 1634 and 3428 cm−1. Transmission 
electron microscopy examination of the solution containing AgNPs demonstrated spherical particles within 
nanoranged from 9.3 nm to 20.3 nm with the main diameter of 15.76 nm. The biologically synthesized 
AgNPs showed a promising antimicrobial activity, where the maximal growth inhibition was recorded for 
both Pseudomonas (P.) aeruginosa and Escherichia (E.) coli – 21.5 ± 1.3 and 19.0 ± 0.20 mm, respectively. 
While the minimum growth inhibition was recorded for Gram positive bacteria Bacillus subtilis (B.) 
and Staphylococcus (S.) aureus – 15.0 ± 0.20 and 16.5 ± 1.50 mm, respectively. At the same time weak 
antifungal activity was observed for both Aspergillus (A.) flavus and Candida (C.) albicans – 14.0 ± 0.15 
and 12.5 ± 0.45 mm, respectively. 
Key words: green synthesis, silver nanoparticles, lemon peel extract, antimicrobial activity.

Introduction

In the fast development of nanomaterials in the 
quest for green, eco-friendly routes for new prod-
ucts often culminates in the utilization of micro-
organisms [1] and plant biomasses for the manu-
facture of sustainable nanocomposites [2; 3] and 
nanoparticles [4-6], which are frequently used in 
biological approaches [7]. Nanotechnology mainly 
deals with the fabrication of nanoparticles having 
various shapes, sizes and managing their chemical 
and physical parameters for further use in human 
benefits with their growing applications in various 
fields [8]. Preparation of metal nano-sized, usually 
ranging in size from 1 to 100 nm, is amongst the 
most emerging areas in the field of nanotechnol-
ogy. Currently, the application of nano materials is 
becoming increasingly important in order to solve 
the problems associated with material sciences, in-
cluding solar energy conversion, photonics [9; 10], 

catalysis [11], microelectronics [12], antimicrobi-
al functionalities [13], and water treatment [14]. 
Many biological routes of AgNPs synthesis have 
been reported using plant extracts, such as Citrus 
aurantium, Citrus limon, Capsicum annuum, Bras-
sica oleracea, Aloe vera, Nigella sativa, Pulicaria 
glutinosa, Justicia glauca, Mimusops elengi L., 
and Coffea L. [15-26]. 

However, in most cases, a deep characteriza-
tion of the biomolecule coating is not made. It is 
known that the reducing agents may include flavo-
noids, membrane proteins, NAD(P)+ reductases, de-
hydrogenases, citric acid, polyphenols, and second-
ary metabolites [27], whereas the capping agents 
may be extracellular proteins, enzymes, peptides, 
and tannic acids [28]. The AgNPs have various 
and important applications. Historically, silver has 
been known having a disinfecting effect and has 
been found in applications ranging from traditional 
medicines to culinary items. It has been reported 
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that AgNPs are non-toxic to human and most ef-
fective against bacteria, virus and other eukaryotic 
micro-organism at low concentrations and without 
any side effects [29; 30]. Moreover, several salts 
of silver and their derivatives are commercially 
manufactured as antimicrobial agents [31]. A small 
concentration of silver is safe for human cells, but 
lethal for microorganisms [32]. Antimicrobial ca-
pability of AgNPs allows them to be suitably em-
ployed in numerous household applications such 
as textiles disinfection in water treatment, food 
storage containers, home appliances and in medi-
cal devices [33]. The most important application 
of silver and AgNPs is in medical industry such as 
tropical ointments to prevent infection against burn 
and open wounds [34]. Nowadays, biosynthesis of 
silver nanoparticles (AgNPs) had gained so much 
attention in developed countries due to develop-
ment demand of environmental friendly technol-
ogy for material synthesis. Thus, this study aims to 
show sustainable alternatives of new antimicrobial 
products based on nanomaterials by utilizing lemon 
waste to produce AgNPs that are active toward a 
number of pathogenic microorganisms. 

Materials and methods

Chemicals. Chemicals and reagents used in the 
following experiments were of analytical grade. Sil-
ver nitrate (AgNO3) salt was purchased from Techno 
Pharmchem, India. All the media components were 
from Oxoide, India.

Microbial strains. Antimicrobial activity was 
assayed against a panel of microorganisms certified 
by American Type Culture Collection (ATCC) and 
National Collection of Pathogenic Fungi (NCPF), in-
cluding three Gram-positive bacteria Bacillus subtilis 
ATCC 6633 and Staphylococcus aureus ATCC 6538, 
and against Gram-negative Pseudomonas aeruginosa 
ATCC 9027 and Escherichia coli ATCC 7839, a fun-
gus (yeast) – Candida albicans (NCPF-stock labo-
ratory strain) filamentous fungi – Aspergillus flavus. 
Cultures were inoculated into specific broths and in-
cubated at 37 oC for 24 h.

Collection of lemon peel. The lemon Citrus limon 
was purchased from two popular markets at Rafha 
governorate, Northern Border region in the Kingdom 
of Saudi Arabia. The collected lemon was washed, 
air-drying and subjected for peel obtaining in the 
laboratory under aseptic conditions. 

Preparation of lemon peel biological extract. 
The collected lemon peel was washed and boiled in 

distilled water for 10 min at 90oC. 100 g of the lemon 
peel were crushed in 200 mL of distilled water; re-
sulting extract was filtered through a clean cloth and 
treated with equal volumes of chilled ethanol. Result-
ing precipitate was lyophilized into a powder for fur-
ther experiments.

The green synthesis of silver nanoparticles (Ag-
NPs). AgNPs were synthesized by bioreduction of 
Ag+. 5 mL of the fresh suspension of lemon peel ex-
tract (greenish in color) were added to 45 mlL 0.002 
M AgNO3 solution in 100 mL conical flasks at the 
room temperature in darkness for some period. The 
emulsion color turned to dark brown after adding of 1 
mM AgNO3 and stirring at room temperature.

Characterization of silver nanoparticles (AgNPs) 
as follows

UV/VIS spectral analysis. The synthesized silver 
nanoparticles were characterized spectrophotometri-
cally using ultraviolet UV/VIS spectroscopy analy-
ses as function of time at room temperature using 
Perkin Elmer UV/VIS spectrometer. Samples of ali-
quots (0.2 ml) of the suspension were diluted with 2 
ml deionized water and subsequently measured UV/
VIS spectra of the resulting diluents.

Fourier transform infrared spectrometer (FT-
IR). FT-IR measurements were carried out in order 
to obtain information about chemical groups present 
around AgNPs for their stabilization and conclude 
the transformation of functional group due to reduc-
tion process. The measurements were carried out us-
ing JASCO FT-IR-3600 infra-red spectrometer by 
employing KBr Pellet technique.

Transmission electron microscopy (TEM). The 
size and morphology of the synthesized nanoparticles 
were recorded by using TEM model JEOL electron 
microscopy JEM-100 CX. TEM studies were pre-
pared by drop coating silver nanoparticles onto car-
bon-coated TEM grids. The Film on the TEM grids 
were allowed to dry, the extra solution was removed 
using a blotting paper.

Assay of antimicrobial activity of the synthesized 
AgNPs. Antimicrobial activity was determined by the 
disk diffusion method [35], using cell suspensions 
with concentrations equilibrated to a 0.5 McFarland 
standard for bacterial and unicellular fungal strains 
and loopful for the filamentous fungi. After incuba-
tion at appropriate incubation conditions, the plates 
were investigated and the diameters of inhibition 
zones were recorded.

Statistical analysis. All experiments were per-
formed in triplicate and the values were expressed as 
mean ± SD using Microsoft Excel 2016.
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Results and discussion

Buzzing of nanotechnology in each and every as-
pect of science and technology has been booming at a 
tremendous rate now a day. Nanotechnology has dif-
ferent applications in the field of physical, chemical 
and medical sciences; it has now started revolution-
izing the drug delivery sciences [36]. 

Biological synthesis of nanoparticles by plant 
extracts is at present under exploitation as some re-
searchers worked on it [37; 38] and testing for anti-
microbial activities [39-41]. For the last two decades, 
extensive work has been done to develop new drugs 
from natural products because of the resistance of mi-
croorganisms to the existing drugs. Nature has been 
an important source of a products currently used in 
medicinal practice [42].

Biosynthesis of silver nanoparticles by lemon 
peels bioextract. In the present study, synthesis of 
AgNPs by the lemon peel bioextract was carried out. 
Silver nitrate used has distinctive properties such as 
good conductivity, catalytic and chemical stability. 
The formation of AgNPs was found to be success-
ful as suggested by initial changes in color. It is well 
known that AgNPs exhibit brown color (Figure 1a, b) 
in aqueous solution due to excitation of surface plas-
mon vibrations in AgNPs. It is well known that silver 
nanoparticles exhibit yellowish-brown color in aque-
ous solution due to excitation of surface plasmon vi-
brations in silver nanoparticles [43-45]. Reduction of 
the silver ion to silver nanoparticles during exposure 
to the peel extracts was followed by color change and 
as well as by UV/VIS spectroscopy.

Characterization of the synthesized silver 
nanoparticles AgNPs. Reduction of the silver ion to 

silver nanoparticles during exposure to the peel ex-
tract was followed by color change and as well as 
by UV/VIS spectroscopy. It is generally recognized 
that UV/VIS spectroscopy could be used to examine 
size and shape-controlled nanoparticles in aqueous 
suspensions. UV/VIS spectra that were recorded at 
different intervals for monitoring the reaction, the 
appearance of a surface plasmon resonance (SPR) 
band increased in intensity with time. It also reveals 
the production of silver nanoparticles within 1 h. The 
UV/VIS absorption spectra recorded from the silver 
nanoparticles solution after 1.5 h of reaction (Figure 
2). Metallic silver nanocrystals generally show a typ-
ical optical absorption peak at approximately 3 keV 
due to the surface plasmon resonance [46-48]. This 
result confirmed that the produced nano-structures 
are pure silver. Therefore, metallic nanoparticles 
have spectrum in the UV/VIS region [49].

a b

Figure 1 – Differential colouring dependent  
of AgNPs synthesis.

Note: a – extract of lemon peel (colorless), 
b – synthesized AgNPs (brown color)

Figure 2 – UV/VIS spectra of reduced Ag ions to AgNPs with lemon peel bioextract
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Analysis of FT-IR absorption spectra of the bio-
extract after the addition of silver solution revealed 
the strong bands at 1021, 1443, 1634 and 3428 cm−1. 
The band at 1021 cm−1 corresponded to C-N stretch-
ing vibrations of amine. The band at 1443 cm−1 cor-

responded to C-H and OH bending and 3428 cm−1 
was attributed to characteristic of –NH stretching of 
amide (II) band. The weaker band at 1634 cm−1 cor-
responded to amide I, arisen due to carbonyl stretch 
in proteins (Figure 3).

Figure 3 – FT-IR spectra of silver nanoparticles from lemon peel bioextract

FT-IR analysis of the synthesized AgNPs 
after the addition of silver solution revealed 
the strong bands at 1021, 1443, 1634 and 3428 
cm−1. The positions of these bands were close 
to that reported formative proteins. The FT-IR 
results indicate that the secondary structure of 
proteins was not affected as a consequence of 
reaction with Ag+ ions or binding with AgNPs 
[49].

Transmission electron microscopy (TEM) ex-
amination of the solution containing AgNPs demon-
strated spherical particles within nanoranged from 

7.4 nm to 18.5 nm with the main diameter of 11.60 
nm (Figure 4). 

TEM examination of the solution containing Ag-
NPs demonstrated spherical particles within nanor-
anged from 7.4 nm to 18.5 nm with the main diam-
eter of 11.60 nm. Similar AgNPs sizes synthesized 
from different sources were obtained various studies 
[49-51].

Antimicrobial activity of synthesized silver 
nanoparticles (AgNPs). The biologically synthesized 
AgNPs showed strong antimicrobial activity against 
number of the tested microbial strains (Table 1). 
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Table 1 – Antimicrobial activity of silver nanoparticles from lemon peel

Agent 

Mean diameter of inhibition zone (mm)
Gram positive bacteria Gram negative bacteria Unicellular fungi Filamentous fungi

B. subtilis
ATCC 6633

S. aureus
ATCC 6538

P. aeruginosa
ATCC 9027

E. coli
ATCC 7839 C. albicans A. flavus

AgNPs 15.0 ± 0.20 16.5 ± 1.50 21.5 ± 1.3 19.0 ± 0.20 12.5 ± 0.45 14.0 ± 0.15

Figure 4 – TEM of the synthesized silver nanoparticles from lemon peel bioextract

The maximal growth inhibition was observed in 
case of Gram-negative bacteria both for P. aerugi-
nosa and E. coli with 21.5 ± 1.3 and 19.0 ± 0.20 mm, 
respectively. While the minimum growth inhibition 
was recorded for Gram-positive bacteria B. subtilis 
and S. aureus with 15.0 ± 0.20 and 16.5 ± 1.50 mm, 
respectively. At the same time weak antifungal activ-
ity was observed for both A. flavus and C. albicans 
with 14.0 ± 0.15 and 12.5 ± 0.45 mm, respectively. 

Biologically synthesized AgNPs showed good 
antimicrobial activity against Gram-positive, Gram-
negative bacteria as well as against unicellular mul-
ticellular fungi. Nanomaterials are the leaders in the 
field of nanomedicine, bionanotechnology and have a 
great importance in nano toxicology research. Silver 
exhibits the strong toxicity in various chemical forms 
to a wide range of microorganism that is very well 
known and AgNPs have recently been shown to be 
a promising antimicrobial material [46]. Silver ions 

have been known to bind with the negatively charged 
cell wall resulting in the rupture and consequent de-
naturation of proteins which leads to cell death [52]. 
The synthesized AgNPs with smaller size can act 
drastically on cell membrane and further interact 
with DNA and causes damage [53]. Other proposed 
mechanisms include the AgNPs causing depletion of 
intracellular ATP by rupture of plasma membrane or 
by blocking respiration in association with oxygen 
and sulfhydryl (–S-H) groups on the cell wall to form 
R-S-S-R bonds thereby leading to cell death [54].

Conclusion 

Silver nanoparticles synthesized by the green 
chemistry approach reported in this study using 
lemon peels extract can be used as an antimicrobial 
agent in biomedicine and pharmaceutics. This study 
demonstrated that synthesized AgNPs have spherical 
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shape within nanorange of 9.3 nm to 20.3 nm with 
the main diameter of 15.76 nm and have a promising 
antibacterial activity, with maximal growth inhibi-
tion against both P. aeruginosa and E. coli of 21.5 
± 1.3 and 19.0 ± 0.20 mm, respectively, as well as 
antifungal activity against both A. flavus and C. albi-
cans with mean diameter of inhibition zone of 14.0 
± 0.15 and 12.5 ± 0.45 mm, respectively. Biogenic 
method used in this study is non-toxic, environmen-
tally friendly, simple, and low-cost. 
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Isolation and purification  
of lactoferrin from Kazakhstan mare milk

Abstract: The single chemical composition of mare milk, rich in whey proteins is similar to human 
milk. Lactoferrin is one of the important compounds contained in whey protein fraction, and has multiple 
biological functions such as antimicrobial and activation of human and animal immune system. Due to its 
strong antimicrobial activity, lactoferrin has potential pharmaceutical applications. The present work is 
mainly focused on the isolation and purification of the lactoferrin from mare’s milk. First, the lactoferrin 
from Kazakhstan mare milk has been purified by gel filtration Sephadex G-100 chromatography in two steps. 
The column of Sephadex G-100 was eluted with 0.01 M sodium phosphate buffer (pH 6.8). Lactoferrin 
enriched fractions were detected using UV absorbance at 280 nm and were identified in the first peak. 
Second, the purity of lactoferrin was checked by 12% SDS–PAGE and the molecular weight of lactoferrin 
(in the range of 80-82 kDa) was estimated using protein standard, which is recombinant human lactoferrin 
(expressed in rice, iron saturated, molecular weight 82.4 kDa). 
Key words: Kazakhstan mare milk, isolation, whey protein, lactoferrin, purification, analysis.

Introduction

Traditionally, mare milk has been an integral part 
of the daily diet for centuries in many countries of 
Central Asia and Eastern Europe. In terms of protein 
composition, mare milk is close to human milk. It is 
then a promising alternative to cow’s milk for hu-
man infant feeding, especially due to its low-fat con-
tent, large amount of valuable nutrients with several 
health benefits [1], high abundance of whey proteins, 
including lactoferrin, lysozyme and immunoglobu-
lins [2; 3], which have positive effects on the human 
immune system and infectious diseases [4]. The per-
centage of whey proteins in mare’s milk (39%) [5] 
is higher than in cow milk (20%), but is lower than 
in human milk (50%). Cow milk contains the largest 
amount of caseins. That is why cow milk is defined 
as casein type milk, while human and mare milk is 
called albumin type milk [3-5]. The composition of 
mare milk makes it a beneficial source of nutrients 
for people.

Lactoferrin is an iron-binding protein of the trans-
ferrins family, which plays multifunctional roles in 
the formation of the innate immune system [6]. Lac-
toferrin also has ability to bind free iron in biological 
fluids of mammals [7]. It has been suggested that the 

antimicrobial activity of this protein is due to its iron-
binding properties, but the exact role of lactoferrin in 
iron binding in milk is unknown [8]. In the last thirty 
years, research has discovered several milk proteins 
and related peptides with interesting antimicrobial 
properties, particularly lactoferrin, which protects 
against microbial pathogens, and its antibacterial ac-
tivity has already been well-described [9]. With the 
steady increase in the number of multidrug-resistant 
pathogens, many researchers are looking to alterna-
tive medicine instead of classical antibiotics. Indeed, 
it has become necessary to explore natural resources 
for new, alternative and/or complementary medi-
cines. In this search for novel antimicrobial agents 
for the future, lactoferrin, a multifunctional protein 
that participates in a range of essential physiological 
processes, offers a new source with potential pharma-
ceutical applications. In addition, lactoferrin contain-
ing antimicrobial fragments are still being explored, 
through both chemical synthesis and enzymatic di-
gestion, and the peptides have potential applications 
as pharmaceutical products [10; 11] as recently been 
described [12].

Kee-Sung et al. (2009) purified lactoferrin from 
Mongolian mare milk and compared its 20 amino 
acids N-terminal sequence with mare diferric lacto-
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ferrin and bovine lactoferrin. The molecular weight 
of Mongolian mare milk lactoferrin is 81 kDa [9]. 
Mare lactoferrin contains 689 amino acid residues, 
which is similar to bovine lactoferrin [7]. Many stud-
ied were performed on isolated milk proteins, which 
are well described [13-15]. However, in Kazakhstan, 
the research on isolation and purification of lactofer-
rin from mare milk has not been studied adequately. 
The purpose of the current study was to isolate and 
purify the lactoferrin of whey mare milk by using gel 
filtration, Sephadex G-100. SDS–PAGE was used to 
check the level of purity of the lactoferrin enriched 
fractions. 

Materials and methods

Fresh mare milk sample was procured from the 
local mare dairy farm in Irgelyi village in Almaty re-
gion. Temperate grasslands were used to feed horses, 
because feeding is one of the factors that determine 
the chemical composition of mare milk. Sephadex 
G-100 and woman milk lactoferrin marker for de-
termination of protein molecular weight were from 
Sigma. The molecular weight of human recombinant 
lactoferrin, expressed in rice, iron saturated, ≥90% 
(SDS-PAGE), is 82.4 kDa. 

Sample preparation. Mare milk was stored fro-
zen at 4°C for 30 min and the sample was prepared 
as follows: defatting (100 mL) was done by centrifu-
gation at 10.000 × g for 30 min at 4°C and filtration. 
Casein was eliminated by acid precipitation at pH 4.2 
with a 1 M HCl solution followed by a centrifugation 
step (10.000 × g for 30 min at 20°C). 

The pH of the obtained supernatant (contain-
ing whey proteins) was adjusted to pH 6.8 with 1 M 
NaOH and dialyzed (cut-off of dialysis membranes = 
6-8 000 Da, SpectraPor; Spectrum Labs Inc., Rancho 
Dominguez, CA, USA) against ultrapure water for 72 
h to remove salts. After dialysis, the whey samples 
were then kept at -20°C before being used for lacto-
ferrin purification [9; 16].

Isolation and purification of mare lactoferrin. 
In order to isolate lactoferrin from the whey 

proteins, a column of Sephadex G-100 was used. A 
column was a glass tube (50 × 2.0 cm) with a drop-
ping funnel on the bottom. That was set vertically in 
a ring stand. Glass wool was put to the bottom of 
the column to prevent Sephadex gel from coming out 
of the column during washing with 0.01 M sodium 
phosphate buffer. The height of poured gel in the col-
umn was 70% of the height of a glass tube. Then the 
loaded whey proteins (2 mL sample each time) were 
eluted with 0.01 M sodium phosphate buffer (pH 6.8) 

and the flow rate was 0.4-0.5 mL/min. The presence 
of proteins was measured at 280 nm by a spectropho-
tometer PD-303 UV (Apel, Japan).

Estimation of lactoferrin concentration. A com-
mon and practical expression of the Beer-Lambert 
law relates the optical attenuation of a material con-
taining a concentration of attenuating species to the 
optical path length through the sample and absorptiv-
ity of the species. This expression is: 

A=εlc,
where:

A – amount of light absorbed by the sample for a 
particular wavelength;

ε – coefficient of imolar extinction;
l – idistance that the light travels through the so-

lution;
c – molar iconcentration of the absorbing species 

per unit volume.
Estimation of molecular weight (SDS-PAGE). 

Electrophoresis was performed in Consort EV 265 
apparatus with 12% SDS-PAGE with staking gel 
(Tris-HCl, pH 6.8) and separation gel (Tris-HCl, pH 
8.8). Tris-glycine buffer 5x concentrate (300 mL of 
5x Tris-glycine buffer mixed with 1200 mL of dis-
tilled water) was used as a running buffer. To provide 
protein migration in the gel, obtained protein fraction 
was denatured for with buffer (deionized H2O, 0.5 
M Tris-HCl, pH 6.8, glycerol 50 %, 10 % SDS, 1% 
bromophenol blue, 2-mercaptoethanol) in the pres-
ence of sodium dodecylsulfate in water bath at 100°C 
2 min. 10 μL of eluted fraction was loaded into the 
each well. The fixation of protein samples in the gel 
was carried out in 10% trichloroacetic acid solution 
during 30 min. In order to detect protein a band af-
ter electrophoresis, the gel was stained with 0.1% 
Coomassie Brilliant Blue R-250 for 1 h. The gel was 
washed with 7% acetic acid for further visualization 
analyses. 

Results and discussion

Chromatography is desined to purify moleculas 
based their size, chemical composition, chemical and 
physical protertis. Size-exclusion chromatography is 
particularly designed to isolate pure moleculas based 
their molecular weight. Standard markers allow to 
determine molecular weight of isolated proteins. Gel 
filtration chromatography has been widely used in the 
purification of whey proteins. Sephadex G-100 gel 
filtration chromatography was effective in isolating 
the major whey proteins [17]. That is why in the pres-
ent study, lactoferrin was separated by gel filtration 
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chromatography through Sephadex G-100 column. 
Whey protein dissolved in 0.01 M sodium phosphate 
buffer (pH 6.8) was loaded into the column. The pro-
tein elution done with the same buffer and the flow 
rate of 0.4-0.5 mL/min, was monitored by UV ab-
sorbance measurement at 280 nm. The elution of the 
protein was evaluated by the measure of absorbance 
at 280 nm in a spectrophotometer. After loading sam-
ples into a column of gel chromatography large mo-

leculas move through porous beads faster than small 
moleculas. Consequently, large moleculas elute first, 
then small moleculas are washed out from the gel. 
Prepared Sephadex G-100 gel may be used several 
times only if it is protected from degradation due to 
contamination with microorganisms.  ureThe results 
of gel filtration are shown on the Figure 1. The lacto-
ferrin enriched fractions were loaded second time in 
order to get pure lactoferrin. 

Figure 1 – Purification of lactoferrin from mare’s whey protein on Sephadex G-100

Figure 1 shows that two protein peaks appeared 
in the eluted fractions 15-25 and 28-42, however a 
strong peak was observed between 15-25 fractions. 
In order to check purity, samples which showed the 
highest level of lactoferrin (fractions 17-22 and frac-
tions 33-35) were selected. 

Gel filtration has also been useful in the isolation 
of whey proteins, to examine the purity of commer-
cial preparations of whey proteins [16], to separate 
glycopeptides of immunoglobulins, and to study the 
composition of whey proteins from other species [15-
19].

Further amino acid composition of lactoferrin is 
identified.  According to the information received 
from the ProtParam software  (https://web.expasy.
org/cgi-bin/protparam/protparam), The amino acid 
sequence of the lactoferrin from mare’s milk consists 
of 708 amino acids; the theoretical molecular weight 
is 77.361 Da, the theoretical pI is 8.36 and the molar 
extinction coefficient at 280 nm is 81425 M-1.cm-1. 
Amino acid composition of lactoferrin is presented 

in Table 1.
The total number of negatively charged resi-

dues (Asp + Glu): 77. The total number of positively 
charged residues (Arg + Lys): 86. 

Estimation of lactoferrin purity and molecular 
weight by SDS–PAGE.  In order to determine required 
protein samples from fractions SDS-PAGE is used. 
Before loading samples into the gel of SDS-PAGE, 
the samples were denatured with buffer. Due to dif-
ferences in charge, size and shape, proteins have dif-
ferent movement ability in the gel of SDS-PAGE. In 
order to detect protein bands after electrophoresis, the 
gel was stained with 0.1% Coomassie Brilliant Blue 
R-250. The single band of isolated lactoferrin from 
17-22 fractions obtained on performing SDS-PAGE. 
Molecular weight was determined by applying the 
purified lactoferrin on 12% SDS-PAGE. According 
to Figure 2, lactoferrin enriched fractions gave dif-
ferent results, while the quantity of loaded samples 
was the same (10 μL). The protein concentration was 
determined for selected fractions by measuring the 

https://en.wiktionary.org/wiki/%CE%BCl
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absorbance A at 280 nm and by applying the Beer – 
Lambert formula.

Table 1 – Amino acid composition of mare’s milk lactoferrin

Amino acid composition
Ala (A) 74 10.5%
Arg (R) 37 5.2%
Asn (N) 35 4.9%
Asp (D) 34 4.8%
Cys (C) 35 4.9%
Gln (Q) 29 4.1%
Glu (E) 43 6.1%
Gly (G) 52 7.3%
His (H) 10 1.4%
Ile (I) 13 1.8%

Leu (L) 69 9.7%
Lys (K) 49 6.9%
Met (M) 4 0.6%
Phe (F) 30 4.2%
Pro (P) 36 5.1%
Ser (S) 50 7.1%
Thr (T) 31 4.4%
Trp (W) 9 1.3%
Tyr (Y) 20 2.8%
Val (V) 48 6.8%

The protein concentrations are approximately:
for 17th fraction: 5.7 µM;
for 18th fraction: 11.5 µM;
for 19th fraction: 19 µM;
for 20th fraction: 20 µM;
for 21th fraction: 14 µM;
for 22nd fraction: 6 µM
Figure 2 shows the molecular weight of mare’s 

milk lactoferrin approximately in the range of 80-82 
kDa.

According to the type of animal and carbohy-
drate content, molecular weight of lactoferrin dif-
fers slightly. Jolles et al. purified lactoferrin from E. 
Wettstein mare’s milk by Sephadex G-100 filtration 
and estimated its molecular mass as 81 kDa [17]. 
In the present study the molecular weight is 82 kDa 
on SDS–PAGE 12%. It was similar to the mass of 
Mongolian mare milk lactoferrin, which was char-
acterized corresponding to a molecular mass of 82 
kDa [9]. Konuspayeva et al. used gel permeation 
chromatography on Sephadex G-200 to purify lac-
toferrin from camel colostral whey and checked 
its purity by polyacrylamide gel electrophoresis 
(12.5%) [18].

18 19 20 21 M (the human 
lactoferrin)

Figure 2 – SDS-PAGE 12% of lactoferrin isolated from mare’s milk whey through a column  
of Sephadex G-100: fractions 18-21 were loaded. Note: the molecular weight  

of the isolated bands of lactoferrin, is approximately 80-82 kDa; M – protein standard marker  
(the human lactoferrin with a molecular weight of 82.4 kDa)
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Many researchers used SDS–PAGE to confirm 
the presence or for characterization of lactoferrin 
[19-24]. The purity of isolated lactoferrin was con-
firmed by SDS–PAGE. As a result, a single band of 
lactoferrin was obtained. The results of the present 
study were similar to other studies. Younghoon et al. 
checked the purity of caprine lactoferrin using SDS–
PAGE [20]. The purity of isolated lactoferrin from 
defatted bovine colostrums was also confirmed on the 
SDS–PAGE gel [21]. Zainab et al. used SDS–PAGE 
to confirm lactoferrin purity which was isolated from 
goat colostrums whey [13] and cow’s milk by using 
Sephadex G-50 [22]. Vijayan et al. employed SDS–
PAGE to confirm the molecular weight of Malabari 
goat’s colostrum lactoferrin, which was determined 
as 80 kDa [23]. Further, Annabelles et al. confirm the 
molecular weight of goat milk lactoferrin by SDS–
PAGE as 78 kDa [24].

In depth research on protein properties requires 
purification homogene prtotein bands from samples. 
Isolation and purification proteins are the first and 
important step of protein investigationin biochemical 
and biomedical studies. Protein isolation methods are 
designed based on protein size, charge, and polarity. 
Moreover, these mentioned protein characteristics 
determine the richness and abundance of proteins. 
Every protein purification methods allows to isolate 
and further purify desired proteins. In this study, size 
exclusion chromatography is apllied to isolate pure 
mare’s lactoferrin. Column gel filtration for isolation 
lactoferrin has some advantages. First, it is conve-
nient to isolate and classify proteins regarding their 
molecular weight and size. Second, the determina-
tion molecular weight of isolated protein samples is 
possible by applying standard or specific markers. 
Sephadex G-100, which is used in this study, allows 
isolating proteins in a particular molecular weight. 
Then, in order to determine required protein samples 
from fractions SDS–PAGE is used. The results show 
that a single band of lactoferrin is isolated, and fur-
ther, molecular weight of lactoferrin is determined 
with standard protein marker 80-82 kDa. 

Conclusion
 
Chromatographic methods have been employed 

extensively in extracting many individual compo-
nents of the casein and whey fractions of milk of 
different animals. Gel filtration, a column chroma-
tography based on Sephadex and ion exchange chro-
matography are probably more frequently used than 
any other separation procedures. These chromato-
graphic methods are very effective in isolating and 

purifying whey lactoferrin. The results of the present 
study showed the effectiveness of gel filtration chro-
matography (Sephadex G-100) in isolation of single 
band lactoferrin from mare whey.
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Volatile components of leaf and flowers of natural mountain  
sage (Sideritis spp.) taxa from Davraz Mountain, Isparta-Turkey

Abstract: This study was conducted to volatile components of Natural Mountain Sage (Sideritis spp.) in 
Davraz Mountain of Isparta, Turkey. For this aim, samples of Sideritis condensata (Boiss. & Heldr.) subsp. 
condensata, S.hispida P. H. Davis, S. libanotica Labill. subsp. linearis ve S. perfoliata L. taxa, which grow 
naturally in Davraz Mountain, were collected and examined in terms of volatile constituents and their 
percentiles. As result, 45 different volatile constituents were identified regarding the leaves and flowers 
of the samples of Sideritis condensata (Boiss. & Heldr.) subsp. condensata and β-Pinene, 3-Octanole and 
Limonene were determined as main components. Also, 42 different volatile components were identified for 
S. hispida P. H. Davis and (E)-2-Hexenal, β-Myrcene and Caryophyllene were found as main components. 
40 different volatile constituents were identified, regarding the leaves and flowers of the samples of S. 
libanotica Labill. subsp. linearis. (E)-2-Hexenal, 3-Octanole and Limonene were main components for 
this taxa. 37 different volatile components were identified for S. perfoliata and α-Pinene, β-Pinene and 
Limonene were found as main components.
Key words: Sideritis, Davraz Mountain, Volatile components, Isparta, Turkey.

Introduction

Medicinal and aromatic plants, have been used 
for many purposes; as a source of tea, spices, con-
diment, cosmetics and volatile oils. The group of 
medicinal and aromatic plants, particularly those 
which are rich with respect to volatile constituents 
and oil extracts, place a significant importance. Vola-
tile components (essences, etheric oils) and aromatic 
extracts, are frequently used by fragrance and taste 
industries, in manufacturing perfumes, food addi-
tives, cleaning products, cosmetics and drugs; also as 
a source of aroma chemicals, or as the starting mate-
rial for synthesis reaction regarding nature identical, 
semi-synthetic, and useful aroma chemicals. In par-
ticular, there has been a large increase in the demand 
for volatile components, to be used in aromathera-
py applications that have shined out in recent years 
[1;  2]. 

Turkey has a significant importance in terms 
of production and trade of medicinal and aromatic 
plants. Particularly Isparta province in Turkey, has 
become one of the most important production centers 
as of medicinal and aromatic herbs. In accordance 
with the floristic research conducted in terms of the 

flora, regarding Isparta province, located at the inter-
section of the Mediterranean and Iranian-Turanian 
regions with regard to floral region, it is known that a 
total of 2280 different plant taxa are distributed, 190 
of which have high medicinal, aromatic and perfume 
values and 160 of which have high spice values [3]. 

The cosmopolitan Lamiaceae family, which usu-
ally consists of fragrant, one or perennial herbaceous, 
rarely encountered as shrubs or trees, contains 546 
species, 45 genera, and a total of 731 taxa [4]. The 
genus Sideritis, a member of the Lamiaceae, consti-
tute of one or perennial herbs or small bushes, about 
20-90 cm high, pilous or tomentose, with leaves in 
full edges or dentated, its brahteols in the form of 
leaves, calyx, tubular or bell-shaped, with 5-10 ner-
vated, 5 petals, its corolla usually yellow, sometimes 
white or red, and have a broad distribution in subtro-
pical and middle regions [4,5].

Sideritis L. genus has more than 150 taxa, most-
ly encountered in the Mediterranean Region. This 
genus is represented by 46 species and 55 taxa, 42 of 
which are considered to be endemic [4,6]. Since Tur-
key is one of two main genetic centers of Sideritis L. 
genus, its endemic rate (79.5%) is quite high [7]. The 
genus Sideritis, is used extensively, colloquially as 

https://doi.org/10.26577/ijbch-2019-2-bch1
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a herbal tea, due to its calmative, anti-inflammatory, 
antispasmodic, carminative, analgesic, sedative, cou-
gh suppressant and anticonvulsant features, against 
stomach pains, coughs caused by cold, and various 
diseases such as digestive complaints [8].

Davraz Mountain, which is located within the 
boundaries of Isparta province, in the Lakes District 
of Mediterranean Region, is rich in botany and also a 
natural area that contains rich populations of rare, en-
dangered and endemic plant species. In this study that 
was conducted in Davraz Mountain, samples of Sid-
eritis condensata (Boiss. & Heldr.) subsp. condensa-
ta, Sideritis hispida P. H. Davis, Sideritis libanotica 
Labill. subsp. linearis ve Sideritis perfoliata L. taxa, 
which grow naturally in Davraz Mountain, were col-

lected and examined in terms of volatile constituents 
and their percentiles. Studies have been conducted on 
the volatile components of mountain sage (Sideritis) 
species, in different regions of Turkey. By the way, 
volatile components of leaf and flowers of Sideritis 
taxa from Davraz Mountain were detected for the 
first time by this study.

Material and methods

Davraz Mountain is located within the C3 frame 
throughout the gridding system prepared based on 
Turkish flora. The research material consists of Si-
deritis L. samples which were collected from Davraz 
between 2017 and 2018 (Figure 1). 

Figure 1 – Research area 
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The samples were collected from the field were 
taken to the Forest Botany laboratory of the Faculty 
of Forestry in Isparta University of Applied Sciences. 
Leaf and flower samples pertaining to another bulk 
of the plant samples collected from the research area, 
were transferred to the laboratory on the same day, at 
once, in paper packages and without being exposed 
to sunlight. Plant samples were dried at room temper-
ature (25°C). Volatile constituents of leaves and flow-
ers were examined through Headspace-Solid Phase 
Micro Extraction (HS-SPME) technique combined 
with gas chromatography/mass spectrometry (GC/
MS). Grounding on Solid Phase Micro Extraction 
technique, 2 g of the leaves and floral samples, col-
lected from each sample were placed in a 10 mL vial, 
with the mouth sealed with a silicone lid, and then 
stored at 60°C temperature for 30 min. The SPME 
apparatus was passed through the headspace, with a 
fused slica fiber of 75 µm, coated with Carbokzen/
Polydimethylsiloxane (CAR/PDMS) and then inject-
ed directly into the kpiler column of the Shimadzu 
2010 Plus GC-MS device (Restek Rx-5 Sil MS 30 
m x 0.25 mm, 0.25 µm). The device was connected 
to the same brand, mass selector detector, which was 
operated in Hand mode (70 eV). Helium with a flow 
rate of 1.61 mL per minute was used as the carrier 
gas. Injection and detection temperatures were set at 
250°C. Retention Indices (RI) of volatile constitu-
ents were calculated in accordance with alkane stan-
dard mixtures C7-C30, under the above mentioned 
chromatographic conditions. Wiley, NIST Tutor and 
FFNSC libraries were used to identify volatile con-
stituents.

Since the percentiles determined in the study with 
respect to each volatile components and their fields, 
could not meet the pre-requisites of parametric tests 
in determining statistical data, non-parametric tests 
were used. Kruskal-Wallis Test was used as a non-
parametric test in order to determine the difference 
between species.

Results and discussion

The leaves and flowers of Sideritis condensata 
(Boiss. & Heldr.) subsp. condensata, were collected 
from three different sampling sites: Büyükhacılar 
(1015 m), Çobanisa (1068 m) and Darıderesi (1113 
m). The above-ground parts, including flowers, 
leaves and stems, are consumed as a herbal tea, upon 
brewing in boiled water for 5-10 min. It has been 
found out to be used colloquially as a pain relief, 
remedy against stomach pain, and as appetizer. Using 
Solid Phase Micro Extraction (HS-SPME) technique, 

combined with gas chromatography/mass spectrom-
etry (GC/MS), 45 different volatile constituents were 
identified regarding the leaves and flowers of the 
samples of Sideritis condensata (Boiss. & Heldr.) 
subsp. condensata collected from the 1st sample area, 
40 different volatile constituents were identified re-
garding the leaves and flowers of the samples col-
lected from the 2nd sample area, and 39 from the 3rd 
sample area respectively, making up a total of 62 dif-
ferent volatile constituents, their main components 
and their percentages were identified respectively 
as follows: β-Pinene (11.44%, 11.44%, 12.29%), 
3-Octanole (11.83%, 11.90%, 11.73%), Limonene 
(15.31%, 14.37%, 14.52%), Caryophyllene (13.55%, 
12.04%, 17.31%). It was observed upon examining 
the classes of volatile components that, monoterpene 
and sesquiterpene hydrocarbons were high in all 
three sample areas. 

The leaves and flowers of Sideritis hispida P. 
H. Davis, were collected from three different sam-
pling sites: Akdoğan (1128 m), Büyükhacılar (1033 
m) and Yazısöğüt (989 m). The above-ground 
parts, including flowers, leaves and stems, are con-
sumed as a herbal tea, upon brewing in boiled wa-
ter. It has been found out to be used colloquially as 
a pain relief, intestinal regulator and antitussive. 
Using Solid Phase Micro Extraction (HS-SPME) 
technique, combined with gas chromatography/
mass spectrometry (GC/MS), 42 different volatile 
components were identified regarding the leaves 
and flowers of the samples of Sideritis hispida P. 
H. Davis, collected from the 1st sample area, 40 
different volatile constituents were identified re-
garding the leaves and flowers of the samples col-
lected from the 2nd sample area, and 44 from the 3rd 
sample area respectively, making up a total of 46 
different volatile constituents, their main compo-
nents and their percentages are identified respec-
tively as follows: (E)-2-Hexenal (10.22%, 13.04%, 
12.03%), β-Myrcene (35.08%, 36.54%, 35.86%), 
Caryophyllene (10.07%, 11.78%, 11.26%), p-
Cymene (9.64%, 8.80%, 8.11%). It was observed 
upon examining the classes of volatile components 
that, monoterpene and sesquiterpene hydrocarbons 
together with aromatic alcohol, were high in all 
three sample areas. 

The leaves and flowers of Sideritis libanotica 
Labill. subsp. linearis were collected from three dif-
ferent sample areas: Direkli (930 m), Büyükhacılar 
(1354 m) and Sav (1152 m). The above-ground parts, 
including flowers, leaves and stems, are consumed as 
a herbal tea, upon brewing in boiled water for 5-10 
minutes. 
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It has been found out to be used colloquially as 
a pain relief, as a remedy against stomach pain, as 
an intestinal regulator, carminative, diuretic, cough 
suppressant and appetizer. Using Solid Phase Micro 
Extraction (HS-SPME) technique, combined with 
gas chromatography/mass spectrometry (GC/MS), 
40 different volatile constituents were identified, 
regarding the leaves and flowers of the samples of 
Sideritis libanotica Labill. subsp. linearis collected 
from the 1st sample area, 43 different volatile con-
stituents were identified regarding the leaves and 
flowers of the samples collected from the 2nd sample 
area, and 41 from the 3rd sample area respectively, 
making up a total of 54 different volatile constitu-
ents, their main components and their percentages 
are identified respectively as follows (E)-2-Hexenal 
(18.84%, 19.32% and 22.24%), 3-Octanole (22.19%, 
19.11% and 20.87%), Limonene (14.70%, 13.73% 
and 10.77%), Caryophyllene (10.82%, 12.10% and 
10.32%). It was observed upon examining the classes 
of volatile components that, monoterpene hydrocar-
bons together with aromatic alcohol and aromatic al-
dehydes were high in all three sample areas.

The leaves and flowers of Sideritis perfoliata L. 
were collected from three different sample areas: 
Yazısöğüt (1010 m), Büyükhacılar (1365 m) and Sav 
(1089 m). The above-ground parts, including flow-
ers, leaves and stems, are consumed as a herbal tea, 
upon brewing in boiled water. It has been found out 
to be used colloquially as a pain relief, as a remedy 
against stomach pain, as an intestinal regulator, car-
minative, and cough suppressant. Using Solid Phase 
Micro Extraction (HS-SPME) technique, combined 
with gas chromatography/mass spectrometry (GC/
MS), 42 different volatile constituents were identi-
fied, regarding the leaves and flowers of the samples 
of Sideritis perfoliata L. collected from the 1st sample 
area, 37 different volatile components were identi-
fied regarding the leaves and flowers of the samples 
collected from the 2nd sample area, and 41 from the 
3rd sample area respectively, making up a total of 59 
different volatile constituents, their main compo-
nents and percentages are identified respectively as 
follows: α-Pinene (41.83%, 51.02% and 41.92%), 
β-Pinene (11.46%, 11.30% and 2.47%), Limonene 
(11.90%, 11.12% and 10.71%), Caryophyllene 
(12.17%, 12.11% and 10.49%). It was observed upon 
examining the classes of volatile constituents that, 
monoterpene and sesquiterpene hydrocarbons were 
high in all three sample areas.

There is no statistically significant difference 
regarding the fields of collection, of volatile con-
stituents pertaining to leaves and flowers of Sideritis 

condensata (Boiss. & Heldr.) subsp. condensata, S. 
hispida P. H. Davis, and S. libanotica Labill. subsp. 
linearis. As a result of Kruskal-Wallis test, applied to 
find out the proportions of the classes of volatile con-
stituents pertaining to leaves and flowers of Sideritis 
condensata (Boiss. & Heldr.) subsp. condensata, the 
difference between the median of the sites 2 and 3 
was found to be statistically significant (p2=0.004 < 
0.05, p3=0.006<0.05). No statistically significant dif-
ference was found between the median of the sites 2 
and 3 regarding the volatile constituents pertaining to 
leaves and flowers of S. hispida P. H. Davis, as a result 
of Kruskal-Wallis test, applied to find out the propor-
tions of the fields. The difference between the median 
of the site 1, was found to be statistically significant 
regarding the leaves and flowers of S. libanotica La-
bill. subsp. linearis (p=0.043 < 0.05) whereas the dif-
ference between the median of the site 2 was found 
to be statistically significant (p=0.000 < 0.05), as a 
result of Kruskal-Wallis test, applied to find out the 
proportions of the sites of volatile constituents per-
taining to leaves and flowers of S. perfoliata L.

Sideritis L. taxa, which is colloquially called as 
“mountain tea”, is used as a herbal tea, upon brewing 
for 5-10 min in boiled hot water. It has been found 
out to be used as a pain relief, as a remedy against 
stomach pains, as a cough suppressant, carminative, 
intestinal regulator, diuretic and appetizer. 

The leaves and flowers regarding 4 differ-
ent natural Sideritis taxa, which are distributed in 
Mount Davraz, were collected from three different 
sample areas. Using Solid Phase Micro Extraction 
(HS-SPME) technique, combined with gas chroma-
tography/mass spectrometry (GC/MS), 62 differ-
ent volatile constituents were identified, regarding 
the leaves and flowers of the samples of Sideritis 
condensata (Boiss. & Heldr.) subsp. condensata, 
46 different volatile constituents were identified 
regarding the leaves and flowers of the samples of 
Sideritis hispida P. H. Davis, 54 different volatile 
constituents were identified regarding the leaves 
and flowers of the samples of Sideritis libanotica 
Labill. subsp. linearis and 59 as of Sideritis perfo-
liata L. respectively. 

The main components of the volatile constituents 
as of Sideritis condensata (Boiss. & Heldr.) subsp. 
condensata were identified as β-Pinene, 3-Octanol, 
Limonene, Caryophyllene; the main components of 
the volatile constituents as of S. hispida P. H. Davis 
were identified as (E)-2-Hexenal, β-Myrcene, Caryo-
phyllene, p-Cymene; the main components of the 
volatile components as of S. libanotica Labill. subsp. 
linearis were identified as (E)-2-Hexenal, 3-Octa-
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nol, Limonene, Caryophyllene and the main compo-
nents of the volatile constituents as of S. perfoliata 
were identified as α-Pinene, β-Pinene, Limonene and 
Caryophyllene, respectively. The Caryophyllene 
component was identified among the main compo-

nents in each of the 4 different, natural Sideritis taxa 
that were widely distributed in Davraz Mountain. 
The Limonene component was encountered among 
the main components in the other 3 taxa except for  
S. hispida P. H. Davis. 

Table 2 – Kruskal-Wallis test as a result of Sideritis L.

Sideritis condensata 
(Boiss. & Heldr.) subsp. 

condensata

1. Site 2. Site 3. Site
Chi-Square 4,955 15,126 14,628

df 4 4 4
Asymp. Sig. ,292 ,004 ,006

Sideritis hispida P. H. 
Davis

1. Site 2. Site 3. Site
Chi-Square 2,120 3,448 1,697

df 3 3 3
Asymp. Sig. ,548 ,328 ,638

Sideritis libanotica 
Labill. subsp. linearis

1. Site 2. Site 3. Site
Chi-Square 11,468 4,318 2,855

df 5 5 5
Asymp. Sig. ,043 ,505 ,722

Sideritis perfoliata L.

1. Site 2. Site 3. Site
Chi-Square ,578 22,862 7,404

df 4 4 4
Asymp. Sig. ,966 ,000 ,116

Ezer and Abbasoğlu [9], has identified the vola-
tile oil components pertaining to the four types of 
Sideritüs, 3 of which are endemically distributed in 
Turkey through GC and GC/MS (gas chromatogra-
phy/mass spectrometry). α-pinene and β-pinene were 
found as the main constituents in S. congesta and      
S. argyrea. β-caryophyllene and α-pinene were found 
as the main constituents in S. condensata. Limonene 
was found as the main constituents in S. perfoliata. 
The results of the study differ from the results of this 
thesis study in terms of S. condensata. β- caryophyl-
lene and α-pinene were found as the main constitu-
ents in S. condensata, with respect to the study con-
ducted by Ezer and Abbasoğlu [9], whereas the main 
constituents were found as β-Pinene, 3-Octenol, 
Limonene and Caryophyllene in our study. Ezer and 
Abbasoğlu [9] has determined the main constituent 
of S. perfoliata as limonene. This result supports the 
results of our study. In our study, α-Pinene, β-Pinene, 
and Caryophyllene were also determined among the 
main components in S. perfoliata.

Kirimer et al. [10] reported the volatile oil constit-
uents pertaining to six samples of Sideritis condensa-
ta Boiss, endemically present in Turkey through GC 

and GC/MS. They have determined Germacrene-D 
and hexadecanoic acid as main components. How-
ever, the result of the study differs with that of the re-
sults of our study. In our study, the main components 
were divergently reported as β-Pinene, 3-Octenol, 
Limonene, and Caryophyllene. What’s more, the 
main components of S. perfoliata, in our study were 
reported as α-Pinene, β-Pinene, and Caryophyllene.

Özkan et al. [11] reported the volatile oil constit-
uents pertaining to Sideritis condensata, S. pisidica 
and S. perfoliata, making use of GC and GC/MS. The 
main components of S.condensata were determined 
as carvacrol, germacrene-D, β-pinene and β- caryo-
phyllene, the main components of S. pisidica were 
determined as α-bisabolol, sabinene, α-pinene and β- 
caryophyllene, whereas the main components of S. 
perfoliata were determined as α-bisabolol, myrcene, 
β-caryophyllene and germacrene-D. The result of this 
study differs with the result of this thesis. The main 
components of S. condensata were determined as 
carvacrol, germacrene-D, and β-pinene in the study 
of Özkan et al. [11] where as the main components 
in S. condensata as of our study is found out to be 
β-Pinene, 3-Octanol, Limonene, and Caryophyllene. 



79Ayse Gul Sarikaya, Serap Canis

Int. j. biol. chem. (Online)                                               International Journal of Biology and Chemistry 12, № 2, 70 (2019)

However, β-Pinene component was identified as the 
main component in both studies. The main compo-
nents in S. perfoliata as of the study conducted by 
Özkan et al. (2005) were determined as α-bisabolol, 
myrcene, β-caryophyllene and germacrene-D, where-
as the main components of S. perfoliata in our study 
were found out to be α-Pinene, β-Pinene, Limonene, 
and Caryophyllene. 

Krimer et al. [12] has reported the volatile oil 
constituents pertaining to Sideritis hispida P. H. 
Davis, which is endemically widespread in Turkey, 
making use of GC and GC/MS. They have identified 
63 different constituents, where β-caryophyllene and 
carvacrol were defined as main components. The re-
sult of their study differs with the result of this thesis. 
In our study the main components of S. hispida were 
reported as (E)-2-Hexenal, β-Myrcene, Caryophyl-
lene, and p-Cymene. 

In a study conducted by Özderin [13] on natu-
ral tea herbs and their volatile oil constituents as of 
Muğla-Ula Region, the main components of Sideri-
tis libanoitica Labill subsp. linearis were reported as 
myrcene, linalool, β pinene, α-cadino and caryophyl-
lene. The result of their study differs with the result 
of this thesis. However, the caryophyllene compo-
nent was determined among the main components, 
in both studies.

Conclusion

This study determines the volatile constituents 
and their percentiles regarding the leaves and flow-
ers pertaining to Sideritis condensata (Boiss. & 
Heldr.) subsp. condensata, S. hispida P. H. Davis, S. 
libanotica Labill. subsp. linearis and S. perfoliata, 
widespreadly encountered in Davraz Mountain. Re-
sults are important to reveal the economic value of 
the plants in the region, which are widely consumed 
as natural herbal tea, and to provide a perception of 
conscious consumption. 

Moreover, Sideritis tea is widely consumed col-
loquially as a pain relief, remedy against stomach 
pains, as a cough suppressant, carminative, intestinal 
regulator, diuretic and appetizer. These and similar 
studies should be upgraded in order to ensure people 
to consume Sideritis more consciously. 
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The plasma levels of hsa-miR-19b-3p, hsa-miR-125b-5p 
and hsa-miR-155b-5p in NSCLC patients

Abstract: Lung cancer is one of the leading causes of cancer deaths worldwide. Presently for lung cancer 
patients various treatments are available, such as surgery, chemotherapy and radiotherapy. Nevertheless the   
5 year overall survival remains still low. As many modern studies show, microRNAs can be novel and reliable 
biomarkers to predict the prognosis of lung cancer. Therefore, the aim of this study was to investigate the 
expression levels of hsa-miR-19b-3p, hsa-miR-125b-5p and hsa-miR-155b-5p in plasma of patients with 
non-small cell lung cancer (NSCLC) to clarify the relationships of free-circulating microRNAs expression 
with clinical factors and prognosis of NSCLC patients. Total RNA was extracted from blood samples 
of 49 NSCLC patients before treatment, 37 NSCLC patients after platinum-based chemotherapy and 50 
healthy controls. The relative expression levels of microRNAs were evaluated by real time-polymerase 
chain reaction (RT-PCR). Kaplan-Meier method was used to analyze the survival curve. Plasma hsa-miR-
19b-3p, hsa-miR-125b-5p and hsa-miR-155b-5p expression levels in NSCLC patients were significantly 
upregulated compared with those in healthy individuals (all P <= 0.01). In plasma of NSCLC patients 
the expression level of hsa-miR-155b-5p significantly decreased in response to chemotherapy (P <0.01). 
NSCLC patients with high plasma hsa-miR-19b-3p and hsa-miR-155b-5p expression levels had a shorter 
overall survival than patients with low expression levels of these microRNAs (P =0.005). Thus, the free-
circulating hsa-miR-19b-3p and hsa-miR-155b-5p levels may serve as promising prognostic biomarkers in 
patients with NSCLC and hsa-miR-155b-5p can be used as biomarker for monitoring of effectiveness of 
antitumor therapy.
Key words: free-circulating microRNA, non-small cell lung cancer, hsa-miR-19b-3p, hsa-miR-125b-5p, 
hsa-miR-155b-5p, overall survival.

Introduction

MicroRNAs are a class of small non-coding en-
dogenous RNAs with a length of 21-25 nucleotides 
that play an important role in the post-transcriptional 
regulation of gene expression by targeting mRNA 
followed by translation repression. MicroRNAs are 
involved in the pathogenesis of numerous diseases, 
including autoimmune, neurodegenerative diseases 
and cancer. Recently, the study of the level of free-
circulating miRNAs has an increasingly widespread 
practical application in the diagnosis, prevention and 
treatment of various diseases [1]. Many studies have 
shown that microRNAs participate in tumorigenesis 
and progression of various types of cancer, including 
lung [2; 3]. Lung cancer is one of the leading causes 
of cancer deaths worldwide [4]. Unfortunately, to 

date, 100% sensitive and specific biomarkers for 
lung cancer have not been found. Moreover, some 
cancer-specific biomarkers were also found in plas-
ma of healthy people [5]. Perhaps the development of 
microRNA-based panels would be effective for the 
early diagnosis of lung cancer.

Therefore, the purpose of this study was to assess 
the predictive value of free-circulating microRNAs 
hsa-miR-19b-3p, hsa-miR-125b-5p and hsa-miR-
155b-5p for diagnosis, prognosis and effectiveness 
of antitumor therapy in NSCLC patients.

Materials and methods 

Patients. A total of 86 blood samples of NSCLC 
patients and 50 blood samples of healthy individuals 
collected between 2015 and 2018 from Astana On-
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cology Center and Akmola region Oncology Hospi-
tal. All cases were newly diagnosed, previously un-
treated and histologically confirmed. Clinical stage 
was classified according to the sixth edition of the 
tumor-node-metastases (TNM) classification of the 
International Union Against Cancer. 

49 samples were obtained before anticancer 
treatment, including surgery, chemotherapy and ra-
diotherapy. 37 samples were obtained from patients 
after a course of platinum-based chemotherapy. The 
treatment was carried out in accordance with the 
Clinical Protocol for the Diagnosis and Treatment of 
Lung Cancer, recommended by the Expert Council 
of the Republican State Health Service at the Repub-
lican Center for the Development of Health Care of 
the Ministry of Health and Social Development of 
the Republic of Kazakhstan dated October 30, 2015 
(Protocol No. 14) [6]. 

The study was approved by the Ethical Commit-
tee of the Astana Medical University, Kazakhstan 
(Astana, Kazakhstan; approval no. 4).

All participants were informed about the purpose 
and procedures, and their written informed were ob-
tained.

RNA extraction from blood. A 10 ml sample of 
whole peripheral blood was collected from each sub-
ject into ETDA containing tubes. Blood was centri-
fuged at 3,000 x g for 10 min and supernatant stored 
in aliquots at -80°C. Total RNA from 200 μL plasma 
was isolated using the miRCURY RNA Isolation 
Kit – Biofluids (#300112, EXIQON, Vedbaek, Den-
mark) in accordance with the protocol. 

microRNAs analysis by qPCR. The expression 
levels of microRNAs were determined by evaluating 
the level of fluorescence emitted by SYBR GREEN 
tracer. MiRCURY LNATM UNIVERSAL RT mi-
croRNA PCR LNATM kit, including microRNAs 
specific primers hsa-miR-19b-3p (#204450, Exiqon, 
Denmark), hsa-miR-125b-5p(#205713, Exiqon, Den-
mark), hsa-miR-155-5p(#204308, Exiqon, Denmark) 
was used to amplify microRNAs according to the 
manufacturer’s instructions. cDNAs were prepared 
using Universal synthesis Kit (#203301, EXIQON, 
Vedbaek, Denmark) according to the manufacturer’s 
instructions. Real-time PCR amplification was per-
formed in the CFX96 Touch™ Real-Time PCR De-
tection System (Bio-Rad). Each reaction was carried 
out using 4 μL of cDNA, 1 μL of PCR primer mix 
and 5 μL SYBR-Green PCR Master mix (#203403, 
EXIQON, Vedbaek, Denmark) in a final 10 μL vol-
ume. The qRT-PCR was performed at 95°C for 10 
min for one cycle, then 95°C for 10 sec with 60°C 
for 60 sec for 40 cycles. Gene expression was nor-

malized to RNU6B (#203907, EXIQON, Vedbaek, 
Denmark). All reactions were carried out in tripli-
cate, and the 2−ΔΔCt method was used to quantify the 
relative microRNA amount [7]. 

Statistical Analysis. Differences in microRNA 
levels between NSCLC patients and healthy control 
were compared using a paired Student’s t-test. Ka-
plan-Meier method was used to analyze the survival 
curve. P value < 0.05 considered as significant. These 
statistical analyses were performed using GraphPad 
Prism 7.0 (Graphpad software Inc., CA, USA).

Results and discussion

Study design. The study included 50 volunteers 
without pulmonary pathologies and acute/chronic 
inflammatory diseases (control), among them 11 
women and 39 men. The average age in the group 
was 47 years. The group consisted of 8 smokers, 41 
non-smokers and 1 former smoker. The group of lung 
cancer patients included 86 people, among them 16 
women and 70 men. The average age in the group 
was 65 years. The lung patients group consisted of 
34 smokers, 33 non-smokers and 19 former smokers. 

The group of lung cancer was consisted of 20 
patients with pathologic stage I NSCLC, 32 patients 
with stage II, 25 patients with stage III and 9 patients 
with pathologic stage IV NSCLC.

Comparison of two groups (“Lung cancer” and 
“Control”) by sex, age and smoking status presented 
in Table 1.

Table 1 – Characteristics of the subject participating in the study

Lung cancer
(n=86)

Control
(n=50) P

Male 70(81%) 39 (78%)
0.12

Female 16 (19%) 11(22%)

Age ≤60 30 (35%) 21 (42%)
0.35

Age >60 56 (65%) 29 (58%)

Non-smokers 33 (34%) 41 (82%)

0.36Smokers 34 (39%) 8 (16%)

Former Smokers 19 (27%) 1(2%)

NSCLC patients were divided into two experi-
mental groups: lung cancer before treatment and lung 
cancer after treatment, depending on the presence/ab-
sence of chemotherapy. The first group consisted of 
49 people; the second group consisted of 37 people. 
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Comparison of the experimental groups “Lung can-
cer after treatment” and “Lung cancer before treat-
ment” are shown in Table 2.

Table 2 – Comparative characteristic of the experimental 
groups “Lung cancer before treatment” and “Lung cancer after 
treatment” 

Lung cancer 
after treatment 

(n=37)

Lung cancer 
before treatment 

(n=49)
P

Male 31(84%) 39(80%)
0.78

Female 6 (16%) 10(20%)

Age ≤60 18 (27%) 14(8%)
0.51

Age >60 27 (73%) 45(92%)

Non-smokers 9 (24%) 24(49%)

0.52Smokers 21 (57%) 13(27%)
Former 

Smokers 7 (19%) 12(24%)

The level of relative expression of free-circulating 
microRNA hsa-miR-19b-3p in lung cancer patients 

The results showed that the level of expression of 
hsa-miR-19b-3p in patients with lung cancer before 
treatment was 6.5 times higher than in healthy people 
(p <0.0001). Similar data were obtained by analyz-
ing the expression of hsa-miR-19b-3p in the plasma 
samples of patients with lung cancer after treatment. 
In this group, the level of hsa-miR-19b-3p was 6.9 

times higher compared with the control (p <0.0001) 
(Figure 1). There was no difference in expression of 
hsa-miR-19b-3p in both groups of lung cancer pa-
tients.

The level of relative expression of free-circulat-
ing microRNA hsa-miR-125b-5p in lung cancer pa-
tients 

The relative expression level of hsa-miR-125b-
5p in plasma samples of lung cancer patients before 
treatment was 4 times higher than that in plasma 
samples of healthy individuals (p <0.001). The re-
sults showed no differences in the expression level of 
hsa-miR-125b-5p in plasma of lung cancer patients 
after treatment and healthy people from the control 
group. Comparison of the expression level of hsa-
miR-125b-5p in blood plasma of lung cancer patients 
showed that the expression level was almost 2 times 
lower after treatment than in lung cancer patients be-
fore treatment (Figure 2). 

The level of relative expression of free-circulating 
microRNA hsa-miR-155-5p in lung cancer patients

In plasma of patients with lung cancer before 
treatment, the expression level of hsa-miR-155-
5p was 2 times higher compared to the control 
group (p <0.001). Difference in the level of hsa-
miR-155-5p expression between the lung cancer 
patients after treatment and healthy individuals 
was not detected. A twofold decrease in the level 
of free-circulating hsa-miR-155-5p was observed 
in plasma samples of lung cancer patients after 
treatment compared to patients before treatment (p 
<0.01) (Figure 3).

Figure 1 – Relative expression level of hsa-miR-19b-3p in
patients with lung cancer before and after treatment compared 

to control

Figure 2 – Relative expression level of hsa-miR-125b-5p in
lung cancer patients before and after treatment compared to 

control
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Figure 3 – Relative expression level of hsa-miR-155b-5p in
lung cancer patients before and after therapy compared to 

control

Survival of lung cancer patients according to the 
expression levels of free-circulating microRNA hsa-
miR-19b-3p, hsa-miR-125b-5p, hsa-miR-155-5p

Univariate analysis revealed that patients with 
high expression of hsa-miR-19b-3p had shorter sur-
vival time than those with low expression (HR = 
2.33, 95% CI: 1.04-5.230, p = 0.02) (Figure 4A). 
Plasma level of hsa-miR-125b-5p was not associated 
with survival in lung cancer patients (p = 0.2). High 
expression level of hsa-miR-155b-5p was signifi-
cantly associated with worse survival in lung cancer 
patients (HR = 2.78, 95% CI: 1.32-5.88, P = 0.005) 
(Figure 4D).

Then combination of plasma hsa-miR-19b-3p 
and hsa-miR-155b-5p was analyzed. Using the low-
risk group (low hsa-miR-19b-3p and hsa-miR-155b-
5p expression) as a reference, patients with high hsa-
miR-19b-3p and hsa-miR-155b-5p expression had 
2.14- (95% CI: 1.147 to 4.092, p=0.005) increased 
risk of death.
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Figure 4 – Kaplan-Meier survival curves of lung cancer patients according to the expression levels  
of free-circulating microRNA hsa-miR-19b-3p (A) and hsa-miR-155-5p (B)
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Despite the accuracy of diagnostic methods used 
in modern pathology has dramatically improved, the 
early diagnosis of lung cancer remains challenging. 
Unique microRNA expression profiles have been 
observed in various cancer types at different stages, 
suggesting their potential as diagnostic and prognos-
tic biomarkers. In addition, there is a requirement to 
new sensitive and specific prognostic markers which 
can be used to determine the effectiveness of chemo-
therapy and the individual response of the patient to 
the treatment. 

microRNAs can modulate the expression of mul-
tiple genes, playing essential roles in many cellular 
processes, and thus microRNAs can directly influ-
ence the development and progression of many types 
of cancer [1]. Unique microRNA expression profiles 
have been observed in various cancer tumors [1], sug-
gesting their potential as diagnostic and prognostic 
biomarkers. The miR-19 family (miR-19a and miR-
19b) are key oncogenic components of the miR-17-
92 cluster [8]. It was shown that miR-19b enhances 
the proliferation and apoptosis resistance of cancer 
cells by the epidermal growth factor receptor (EGFR) 
signaling pathway [9]. Moreover, overexpression of 
miR-19b observed in human cancer cells can dimin-
ish p53 protein levels [10]. 

In our study we have shown aberrant expres-
sion level of hsa-miR-19b-3p in plasma of NSCLC 
patient. Our data are consistent with other studies 
[11; 12]. Considering these results, hsa-miR-19b-3p 
might serve as an oncogene, and play a crucial role 
during tumor development of lung cancer. However, 
it is interesting that the expression of hsa-miR-19b-
3p remained at the same level in the group after plat-
inum-based chemotherapy. 

Based on the altered this microRNA expression in 
plasma of NSCLC patients, we further analyzed the 
clinical value of hsa-miR-19b-3p in lung cancer prog-
nosis. According to the Kaplan–Meier survival analy-
sis, we observed that patients with high hsa-miR-19b-
3p expression had a shorter survival time than those 
with low expression, suggesting that overexpression 
of hsa-miR-19b-3p might be closely correlated with 
poor overall survival of lung cancer patients.

 There are a lot of controversial data about role 
of hsa-miR-125b in human cancer. Thus, Gong et 
al. shown that miR-125b may promote apoptosis by 
suppressing the anti-apoptotic molecules of the Bcl-2 
family [13]. One there over hand, it was demonstrat-
ed, that miR-125b is an important negative regula-
tor of p53 and p53-induced apoptosis [14; 15]. There 
is the same situation in the question about a role of 
miR-125b as biomarkers for diagnosis of lung cancer. 

Different studies have shown that miR-125b is up-
regulated [16] or down-regulated [17] in lung cancer. 
Our results are consistent with the data from other 
authors on the role of hsa-miR-125b as an oncomiR 
since over-expression of this microRNA is observed 
in plasma blood samples of lung cancer patients. 
The trend of down-regulation of hsa-miR-125b in 
NSCLC patients after treatment was found (p=0.06). 
There was no significant relationship between high 
expression levels of blood free-circulating hsa-miR-
125b and patient survival prognosis. Li et al. had 
shown that miR-125b promoted tumor metastasis in 
NSCLC patients [18]. In our study we could not find 
correlation between metastasis progression and the 
expression level of hsa-miR-125b (data not shown). 

Many studies had shown that altered expression 
of miR-155 was associated with various physiologi-
cal and pathological processes, including hematopoi-
etic lineage differentiation [19], immune response 
[20], inflammation [21] and tumorigenesis [22]. Fur-
thermore, Lv et al. [23] found that miR-155 drives 
therapy resistance mechanisms in human lung can-
cer A549/dox cells. Our results demonstrated over-
expression of hsa-miR-155b-5p in blood plasma of 
NSCLC patients compared to control. Moreover, 
high hsa-miR-155b-5p expression level was found to 
be correlated with poor survival in lung cancer pa-
tients. Our data suggest that has-miR-155b-5p can be 
promising biomarker for monitoring of effectiveness 
of antitumor therapy. Because, the significant de-
crease in the level of free-circulating hsa-miR-155-
5p was observed in NSCLC patients after treatment 
compared to patients before treatment. Our data are 
consistent with the results of Van Roosbroeck [24], 
who showed, that combined treatment of miR-155 
inhibitor and cisplatin significantly reduced viability 
of lung cancer cells. 

Conclusion

Present study showed that plasma levels of hsa-
miR-19b-3p, hsa-miR-125b-5p and hsa-miR-155b-
5p were associated with lung cancer and could be 
useful for further development of microRNA-based 
panels for early diagnosis of NSCLC. Free-circulat-
ing hsa-miR-19b-3p and hsa-miR-155b-5p can be 
used as prognostic biomarkers for NSCLC patients. 
Plasma levels of hsa-miR-155b-5p may serve as bio-
marker for NSCLC patients receiving platinum-based 
chemotherapy. Further studies are needed to investi-
gate the role of hsa-miR-125b-5p as biomarker for 
monitoring of effectiveness of antitumor therapy in 
NSCLC.



85O. Bulgakova et al.

Int. j. biol. chem. (Online)                                               International Journal of Biology and Chemistry 12, № 2, 80 (2019)

Acknowledgements

We thank the Astana Oncology Center (Astana 
city) and Akmola Region Oncology Hospital (Kok-
shetau city) for their help in collection of samples. 

References 

1. Izzotti A., Carozzo S., Pulliero A., Zhabayeva 
D., Ravetti J.L., Bersimbaev R. (2016) Extracellular 
MicroRNA in liquid biopsy: applicability in cancer 
diagnosis and prevention. Am. J. Cancer Res., vol. 6, 
pp. 1461-1493.

2. Wu K.L., Tsai Y.M., Lien C.T., Kuo P.L., 
Hung A.J. (2019) The Roles of MicroRNA in Lung 
Cancer. Int. J. Mol. Sci., vol. 20, p. 1611.

3. Bulgakova O., Zhabayeva D., Kussainova A., 
Pulliero A., Izzotti A., Bersimbaev R. (2018) miR-19 
in blood plasma reflects lung cancer occurrence but is 
not specifically associated with radon exposure. On-
col. Lett., vol. 15, pp. 8816-8824.

4. Siegel R., Ma J., Zou Z., Jemal A. (2014) Can-
cer statistics. CA Cancer J. Clin., vol. 64, pp. 9-29.

5. Zamay T.N., Zamay G.S., Kolovskaya O.S., et 
al. (2017) Current and Prospective Protein Biomark-
ers of Lung Cancer. Cancers, vol. 9, p. 155. 

6. Kazakh Research Institute of Oncology and 
Radiology. https://onco.kz/klinicheskie-protokola-
diagnostiki-i-lechenie-zlokachestvennyh-novoobra-
zovanij/

7. Livak and Schmittgen (2001) Analysis of rela-
tive gene expression data using real-time quantitative 
PCR and the 2-ΔΔCt method. Methods, vol. 25, pp. 
402-408.

8. Zhang X., Li Y., Qi P., Ma Z. (2018) Biology 
of MiR-17-92 Cluster and Its Progress in Lung Can-
cer. Int J Med Sci., vol. 15, pp. 1443-1448.

9. Baumgartner U., Berger F., Hashemi Ghein-
ani A., Burgener S.S., Monastyrskaya K., Vassella E. 
(2018) miR-19b enhances proliferation and apoptosis 
resistance via the EGFR signaling pathway by tar-
geting PP2A and BIM in non-small cell lung cancer. 
Mol. Cancer, vol. 17, p. 44.

10. Fan Y., Yin S., Hao Y., Yang J., Zhang H., 
Sun C., Ma M., Chang Q., Xi J.J. (2014) miR-19b 
promotes tumor growth and metastasis via targeting 
TP53. RNA, vol. 20, pp. 765-772.

11. Zaporozhchenko I.A., Morozkin E.S., 
Skvortsova T.E., Ponomaryova A.A., Rykova E.Y., 
Cherdyntseva N.V., Polovnikov E.S., Pashkovskaya 
O.A., Pokushalov E.A., Vlassov V.V., Laktionov 
P.P. (2016) Plasma miR-19b and miR-183 as Poten-
tial Biomarkers of Lung Cancer. PLoS One, vol. 11, 
e0165261.

12. Lu S., Kong H., Hou Y., Ge D., Huang W., 
Ou J., Yang D., Zhang L., Wu G., Song Y., Zhang X., 
Zhai C., Wang Q., Zhu H., Wu Y., Bai C. (2018) Two 

plasma microRNA panels for diagnosis and subtype 
discrimination of lung cancer. Lung Cancer, vol. 
123, pp. 44-51.

13. Gong J., Zhang J.P., Li B., Zeng C., You K., 
Chen M.X., Yuan Y., Zhuang S.M. (2013) MicroR-
NA-125b promotes apoptosis by regulating the ex-
pression of Mcl-1, Bcl-w and IL-6R. Oncogene, vol. 
32, pp. 3071-3079.

14. Le M.T., Teh C., Shyh-Chang N., Xie H., 
Zhou B., Korzh V., Lodish H.F., Lim B. (2009) Mi-
croRNA-125b is a novel negative regulator of p53. 
Genes Dev., vol. 23, pp. 862-876. 

15. Yuxia M., Zhennan T., Wei Z. (2012) Circu-
lating miR-125b is a novel biomarker for screening 
non-small-cell lung cancer and predicts poor progno-
sis. J. Cancer Res. Clin. Oncol., vol. 138, pp. 2045-
2050.

16. Zhang Y., Huang S. (2015) Up-regulation 
of miR-125b reverses epithelial-mesenchymal tran-
sition in paclitaxel-resistant lung cancer cells. Biol. 
Chem., doi: https://doi.org/10.1515/hsz-2015-0153.

17. Yu X., Wei F., Yu J., Zhao H., Jia L., Ye 
Y., Du R., Ren X., Li H. (2015) Matrix Metallo-
peptidease 13: A Potential Intermediate Between 
Low Expression of microRNA-125b and Increasing 
Metastatic Potential of Non-Small Cell Lung Cancer. 
Cancer Genet., vol. 208, pp. 76-84.

18. Li Q, Han Y, Wang C, Shan S, Wang Y, 
Zhang J, Ren T (2015) MicroRNA-125b promotes 
tumor metastasis through targeting tumor pro-
tein 53-induced nuclear protein 1 in patients with 
non-small-cell lung cancer. Cancer Cell Int., doi: 
10.1186/s12935-015-0233-x.

19. Van Roosbroeck, K., Calin, G.A (2016) Mi-
croRNAs in chronic lymphocytic leukemia: miRacle 
or miRage for prognosis and targeted therapies? Se-
min Oncol., vol. 43, pp. 209-214.

20. Alivernini S, Gremese E, McSharry C, Tolus-
so B, Ferraccioli G, McInnes IB, Kurowska-Stolarska 
M (2018) microRNA-155 – at the critical interface of 
innate and adaptive immunity in arthritis. Front. Im-
munol., doi: 10.3389/fimmu.2017.01932.

21. Mahesh G., Biswas R. (2019) MicroR-
NA-155: a master regulator of inflammation. J. In-
terferon Cytokine Res., vol. 39, pp. 321-330.

22. Chen S., et al. (2015) Host miR155 promotes 
tumor growth through a myeloid-derived suppressor 
cell-dependent mechanism. Cancer Res., vol. 75, pp. 
519-531.

23. Lv L., et al. (2016) Effect ofmiR-155 knock-
down on the reversal of doxorubicin resistance in hu-
man lung cancer A549/dox cells. Oncol Lett., vol. 11, 
pp. 1161-1166.

24. Van Roosbroeck, K., et al. (2017) Combining 
anti-Mir-155 with chemotherapy for the treatment of 
lung cancers. Clin Cancer Res., vol. 23, pp. 2891-
2904.



© 2019 al-Farabi Kazakh National University                                                                                       Int. j. biol. chem. (Online)

International Journal of Biology and Chemistry 12, № 2, 86 (2019)

IRSTI 76.33.43                                                                                   https://doi.org/10.26577/ijbch-2019-v2-11

1*G.A. Yestemirova , 1Z.B. Yessimsiitova , 2M.P. Danilenko
1Al-Farabi Kazakh National University, Almaty, Kazkahstan

2Ben-Gurion University of the Negev, Beer-Sheva, Israel  
*e-mail: gulfira.yestemirova@gmail.com

Current progress in the study of acute myeloid leukemia

Abstract. In recent years the rate of malignant diseases has been growing rapidly around the world. The 
Republic of Kazakhstan, according to international statistics, refers to the countries with moderately 
high cancer incidence and mortality. Every year approximately thirty thousand Kazakhstani people are 
diagnosed with cancer. In 2018, 35,753 patients were registered in the country, of which 44.3% were men 
and 55.7% were women. Cancer mortality over the same period amounts to about 15,000 lives. The cancer 
incidence rate increased by 8% from 181.2 (in 1999) to 195.7 per 100,000 population in 2019 [1]. Blood 
cancers are relatively rare diseases but, nevertheless, in Kazakhstan about 7,000 patients with hematopoietic 
malignancies are currently registered. Therefore, our knowledge of recent advances in hemato-oncology 
is highly relevant for successful therapy of these malignancies. In this review we provide information on 
the subtypes, symptoms, diagnosis and treatment of acute myeloid leukemia (AML) – one of the most 
aggressive blood cancer.
Key words: acute myeloid leukemia, cancer, anemia, FLT3, flavopyridol, HDAC inhibitor, PAP, targeted 
therapy.

Cancer is a major health problem facing the entire 
world, and Kazakhstan is not the exception. Current-
ly, according to Kazakhstan statistics, blood cancer 
is one of the ten most common oncological diseases. 
There is a tendency for a slight increase in the inci-
dence over the past ten years. The situation in the rest 
of the world is similar. One possible explanation is 
the improvement in diagnostic methods. Lymphomas 
and leukemias are most common in the industrialized 
countries, such as the USA, Switzerland and other 
European countries. Low rates of these cancers are 
recorded in Asian countries. In Kazakhstan, metrics 
are lower than in European countries. Chronic lym-
phocytic leukemia is more common in the Caucasian 
race. But it is also found among Asians and Kazakhs. 
There is also a tendency towards a “rejuvenation” of 
the blood cancer which has faced an epidemiologi-
cal crisis due to an increase in the country’s popula-
tion. Totally, 6 741 new cases of leukemia were reg-
istered in Kazakhstan during the 2003-2012 period. 
The mean age of patients with leukemia was 48.5. 
The age-standardized incidence rates for leukemia 
among men and women were 5.3 and 3.6, respec-
tively (p<0.001) [2].

It is known that cancer of the blood or hemo-
blastosis is a serious disease that can arise in men, 
women and even children, during the course of which 

blood-forming organs are affected. Malignant neo-
plasms which occur in the bone marrow are called 
leukemias. In addition to leukemias hemoblastoses 
include diseases such as hematosarcomas and lym-
phomas, which are extra-bone marrow growths of 
blast cells. Over time, tumor cells in hematosarcomas 
and lymphomas can spread to the bone marrow [3]. 
The causes of hemoblastoses are chemical carcino-
genic agents, radiation or inherited genetic and epi-
genetic aberrations. Various carcinogens, acting on 
the hematopoietic cell genome, cause the transforma-
tion of its normal genetic program into a program for 
the formation of malignant neoplasms [4].

Acute myeloid leukemia (AML) is an aggressive 
clonal oncohematological disease associated with 
damage to the genetic material in hematopoietic stem 
and/or progenitor cells. Genetic and epigenetic trans-
formation results in an appearance of immature my-
eloid blast cells which lack the ability to differentiate 
and are characterized by rapid uncontrolled prolifera-
tion. This leads to suppression of normal hematopoi-
esis due to replacement of normal bone marrow blast 
cells with leukemic blasts. There are several subtypes 
of AML, including monoblastic leukemia, acute pro-
myelocytic leukemia, monocytic leukemia, mega-
karyocytic leukemia and erythroblastic leukemia and 
there are also mixed acute leukemia forms (Figure 1).

https://doi.org/10.26577/ijbch-2019-2-bch1
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Laboratory tests, including cytomorphological, 
immunological and genetic analyses are employed to 
diagnose specific AML subtypes. 

The fact that the pathogenesis of acute leuke-
mia is associated with genetic breakdowns is often 
confirmed by the discovery of various chromosomal 
aberrations, translocations, deletions, inversions, etc. 
In most cases, the specific cause of AML remains 
unknown. However, there are several predisposing 
factors that significantly increase the risk of devel-
oping this disease. The clearly proven relationship 
between chemotherapy and/or radiotherapy for other 
tumors and an increased risk of acute leukemia, made 
many research groups study other possible leukemo-
genic factors, such as low doses of radiation, vari-
ous chemicals, smoking, and electromagnetic waves. 
For instance, clear dose dependence has been proven 
between smoking and the risk of developing acute 
leukemia, that is especially evident for people over 
60 years of age. A number of reports suggest that 
about 20% of AML are due to smoking. Prolonged 
exposure of the human body to benzene has a leu-
kemogenic effect, but at low concentrations of this 
substance, which people most often encounter in the 
workplace, the relationship with an increased risk of 
AML is not proven.

In studying the effects of continual low-dose ra-
diation, evidence has not yet been obtained in favor 
of an increase in the incidence of acute leukemia. For 
the first time, the relationship between previous che-
motherapy or radiation treatment of other tumor dis-
eases and an increased risk of AML was observed in 
patients cured of lymphogranulomatosis. It has been 
shown that not so much the cumulative dose as the 

dose intensity of the exposure is associated with an 
increase in the incidence of AML. The risk of de-
veloping secondary AML is highest between 2 and 9 
years after completion of previous chemotherapy. In 
85% of cases, secondary leukemia occurs within up 
to 10 years from the end of treatment [5; 6]. Children 
and adolescents with a specific congenital or acquired 
immunodeficiency, certain chromosomal abnormali-
ties, diseases Down syndrome, Fanconi anemia, have 
a high predisposition to get sick with develop one of 
the forms of myeloid leukemia.

In the course of leukemogenesis, when diseased 
cells displace healthy ones, anemia, various infec-
tious complications and frequent bleeding are ob-
served. These are the first symptoms that can speak 
of acute leukemia. Other symptoms, such as fatigue, 
general weakness, sickness, fever, abdominal pain, 
loss of appetite are very often observed. Enlarged 
lymph nodes are noted. If leukemia cells enter the 
central nervous system, then cranial nerves can be 
paralyzed and breathing becomes difficult [7; 8]. 
AML, like all other types of leukemia, is a systemic 
malignant disease, that is, from the bone marrow it 
rapidly spreads into the bloodstream, lymphoid tis-
sues and other organs. If acute leukemia is not treat-
ed, then death occurs in a few weeks or months.

Among all forms of cancer in children and ado-
lescents, AML accounts for about 4.2% cases. Ac-
cording to German medical statistics, about 80 
children and adolescents aged 0 to 14 years with a 
diagnosis of AML are registered annually in the Chil-
dren’s Cancer Register (Mainz), and the total number 
of patients with leukemia under the age of 18 is ap-
proximately 100 people a year [9; 10]. However, this 

Figure 1 – General scheme for blood changes during leukemia (https://westcancercenter.org)
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disease primarily targets older individuals and the 
median age of AML patients in general is about 68.

Carcinogenesis can be induced by chemical 
agents that are part of the food, and compounds 
used in various fields of industry. More than 1,500 
organic and inorganic chemical compounds are po-
tentially carcinogenic. Physical carcinogens include 
radioactive substances containing 32P, 131I, 90Sr and 
other isotopes, x-rays and ultraviolet radiation. DNA 
– the main target of carcinogenic agents – is exposed 
either to their direct action or through mediators of 
carcinogenesis, including free radicals of oxygen, 
lipids and other organic and inorganic substances. 
Oncogenic viruses can also cause the development of 
blood cancers. For instance, the Epstein – Barr virus 
leads to the development of Burkitt’s lymphoma, the 
human T-cell leukemia virus type I leads to T-lym-
phocytic leukemia. Retroviruses, adenoviruses and 
adeno-associated viruses can integrate into the hu-
man blood-forming cell genome and cause their on-
cogenic transformation. By the type of viral nucleic 
acid, oncogenic viruses are divided into DNA- and 
RNA-containing. Some oncoviral genes can play the 
role of promoters of cellular proto-oncogenes [11].

The mainstream treatment of AML is intensive 
chemotherapy with drugs that block cell growth or 
induce cytotoxicity. One such drug cannot kill all 
tumor cells, thus modern therapeutic approaches 
employ combinations of different cytostatics, cyto-
toxic agents and/or targeted drugs that act on can-
cer cells in different ways. Using these approaches 
it becomes possible, in some cases, to completely 
kill leukemia cells throughout the body so that the 
bone marrow can again earn as a hematopoietic or-
gan. The initial stage of AML management is in-
duction chemotherapy when a particularly intensive 
treatment is carried out in order to kill a maximum 
of leukemia cells within a short time. The next stage 
is consolidation therapy, which aims at destroying 
those leukemic cells that could survive the induction 
stage. The standard drug combination used in induc-
tion chemotherapy of AML is cytarabine and one of 
anthracyclines. Yet, the clinical outcomes remain to 
be poor, especially for those patients who are older 
or carry other higher-risk diseases. In recent years, 
extensive research has led to the development and 
characterization of novel agents which target AML 
by diverse mechanisms [12]. Among these are tar-
geted therapeutics such as kinase inhibitors and oli-
gonucleotide constructs. These aim to suppress the 
production or activity of oncogenic proteins, such as 
FLT3 and BCL2, and thus disrupt related signaling 
cascades essential for leukemogenesis and blast cell 

proliferation. Other agents, e.g., flavopiridol target 
myeloid blasts by suppression of cyclin-dependent 
kinases and interference with nucleotide synthesis. 
Another class of novel therapeutics includes histone 
deacetylase inhibitors, which cause growth arrest and 
apoptosis through histone acetylation and resultant 
conformational changes [13].

Bone marrow/hematopoietic stem cell transplan-
tation is a method of choice in various hematologi-
cal, oncological and autoimmune diseases in which, 
after intensive immunosuppressive therapy with high 
doses of cytostatic drugs, immunosuppressants, the 
patient is injected with pre-harvested bone marrow 
or peripheral blood hematopoietic stem/progenitor 
cells. The patients most in need of this method of 
treatment are those suffering from highly aggressive 
lymphomas, which make up 70% of all forms of lym-
phomas and leukemias. As a rule, these are young, 
potentially fit people. According to preliminary es-
timates, the need for about 1000 hematopoietic stem 
cell transplants arises annually in the Republic of Ka-
zakhstan [14].

This review presents an overview of preclinical 
and clinical studies of selected promising small mol-
ecule compounds that are currently tested for a po-
tential antileukemic activity. Differential therapy is 
an alternative or complementary treatment for AML, 
which aims at causing maturation of poorly differ-
entiated leukemic blasts. The physiological form of 
vitamin D, 1,25-dihydroxyvitamin D3 (1,25D3) is 
a steroid-like hormone with pleiotropic properties. 
These include important contributions to the control 
of cell proliferation, survival and differentiation, as 
well as the regulation of immune responses. This 
hormone also has a role in normal hematopoiesis, 
enhancing monocyte-macrophage differentiation. It 
also has antiproliferative and prodifferentiation ef-
fects against various myeloid leukemia cell lines and 
AML blasts ex vivo. Nevertheless, hematopoiesis in 
mice with vitamin D receptor (VDR) deletion is es-
sentially normal, indicating that in mammals the vi-
tamin D pathway appears to have a nonessential but 
perhaps a contributory role in blood formation [15]. 

Clinical trials with 1,25D3 have been performed 
for the treatment of preleukemia/myelodysplastic 
syndrome and AML, but the 1,25D3 doses effective 
in vitro caused severe hypercalcemia in vivo. Numer-
ous vitamin D analogs with reduced calcemic activ-
ity have been synthesized which exhibit increased 
ability to induce cell differentiation and to inhibit 
proliferation of leukemic cells in preclinical model 
systems. Although such analogs have also been 
tested in trials, either alone or combined with other 
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agents, the therapeutic outcomes were inconclusive 
and hypercalcemia remained the major issue. The 
reasons for the unimpressive results of most clinical 
studies of the therapeutic effects of vitamin D deriva-
tives (VDDs) in leukemia and related diseases may 
include the lack of a precise rationale for the con-
duct of these studies. Further, clinical trials to date 
have generally used extremely heterogeneous patient 
populations and, in many cases, small numbers of pa-
tients, generally without controls [16]. The available 
or new VDDs combined with other differentiating or 
antiproliferative agents, each working through differ-
ent pathways, are expected to demonstrate synergis-
tic activity and offer improved therapy for AML [15].

There is evidence that vitamin D2 is less toxic 
than vitamin D3 in animals. Recently, the research 
group led by M. Danilenko has determined the dif-
ferentiation effects of several novel analogs of 1α,25-
dihydroxyvitamin D2 (1,25D2), including PRI-1916 
and PRI-1917, in which the extended side chains of 
their previously reported precursors (PRI-1906 and 
PRI-1907, respectively) underwent further 24Z (24-
cis) modification [17]. Using four human AML cell 

lines representing different stages of myeloid matu-
ration (KG-1a, HL60, U937, and MOLM-13), it was 
found that the potency of PRI-1916 was slightly 
higher or equal to that of PRI-1906 while PRI-1917 
was significantly less potent than PRI-1907. It was 
also demonstrated that 1,25D2 was a less effective 
differentiation agent than 1,25D3 in these cell lines. 
Irrespective of their differentiation potency, all the 
vitamin D2 derivatives tested were less potent than 
1,25D3 in transactivating the DR3-type vitamin D 
response elements (VDREs).

The data presented in Table 1 and Figure 3 dem-
onstrate that PRI-1907 has much higher differentia-
tion efficiency than PRI-1906 in all used AML cell 
lines. However, the effect of the new 24Z modifica-
tion on the activities of PRI-1906 and PRI-1907 was 
different. Thus, the activity of PRI-1916 was slightly 
higher or equal to the effectiveness of PRI-1906, 
which contains naturally occurring alkyl branches at 
C-25. On the other hand, it was found that the activity 
of PRI-1917 in four cell lines was consistently low-
er compared to PRI-1907 containing homologated 
chains on C-25 (Table 1).

Table 1 – Comparative differentiation-inducing potencies of vitamin D derivatives in acute myeloidleukemia (AML) cells

Compounds HL60 U937 MOLM-13 KG-1a
1.25D3 4.58 ± 0.34 1.97 ± 0.19 1.45 ± 0.09 8.65 ± 0.42
1.25D2 8.71 ± 0.62 * 4.31 ± 0.66 * 1.86 ± 0.15 32.29 ± 4.52 **

PRI-1906 4.88 ± 0.02 2.51 ± 0.28 1.67 ± 0.10 4.72 ± 0.97
PRI-1916 3.45 ± 0.07 * 2.87 ± 0.43 1.19 ± 0.08 5.85 ± 1.24
PRI-1907 0.42 ± 0.06 0.56 ± 0.08 0.19 ± 0.02 1.27 ± 0.04
PRI-1917 3.90 ± 0.15 ## 2.92 ± 0.51 ## 0.57 ± 0.04 # 4.87 ± 0.42 #

Cells were incubated with the indicated agents or 
vehicle ≤ 0.2% ethanol) for 96 h. The expression of 
CD14 and CD11b was determined by flow cytometry. 
EC50 values (nM) were calculated by non-linear re-
gression analysis of the dose-response curves for the 
CD14+CD11b+ double-positive cell population. The 
percentage of the double-positive CD14+CD11b+ 
cell population is presented on Figure 2. 

Plant polyphenols have been shown to potentiate 
the differentiation of AML cells induced by low, non-
toxic concentrations of 1,25D3 and other VDDs. The 
enhanced antileukemic effects of these combinations 
may constitute the basis for the development of novel 
approaches for differentiation therapy of AML. Stud-

ies conducted by M. Danilenko’s laboratory have 
shown that carnosic acid (CA), curcumin and silib-
inin (SIL) synergistically enhanced 1,25D3-induced 
differentiation of myeloblastic HL60 cells. However, 
in promonocytic U937 cells, only CA caused poten-
tiation while SIL attenuated 1,25D effect [18]. The 
enhanced effect of 1,25D+CA was accompanied by 
increases in both the VDR and retinoid X receptor al-
pha (RXRα) protein levels and transactivation in both 
cell lines. Similar increases were observed in HL60 
cells treated with 1,25D + SIL. In U937 cells, how-
ever, SIL inhibited 1,25D-induced VDRE transacti-
vation concomitant with downregulation of RXRα at 
both transcriptional and posttranscriptional levels. 
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How the above phytochemicals modulate VDDs 
effects in different subtypes of AML cells is not yet 
fully understood. However, it has been demonstrated 
that the transcription factor Nrf2 and the Nrf2//anti-
oxidant response element (Nrf2/ARE) signaling path-
way mediate the differentiation-enhancing effects of 
plant polyphenols [19]. Particularly the inhibitory 
effects of SIL on 1,25D3-induced differentiation of 
U937 cells correlated with the inability of SIL, with 
or without 1,25D3, to activate the Nrf2/ARE path-
way in these cells. These results suggest that opposite 
effects of SIL on 1,25D3-induced differentiation of 
HL60 and U937 cells may be determined by cell-
type-specific signaling and transcriptional responses 
to this polyphenol resulting in differential modula-
tion of RXRα expression [18]. Interestingly, similar 
to 1.25D3, both 1.25D2 and its analogs could strong-
ly cooperate with CA in inducing cell differentiation 
and inhibition of G1-S cell cycle transition [17]. Most 
recently, it has been demonstrated that activators of 
Nrf2 other than polyphenols, including clinically ap-
proved drug dimethyl fumarate, can also markedly 
potentiate the antileukemic effects of VDDs on AML 
cells both in vitro and in vivo [21]. 

Besides their differentiation-enhancing activity, 
VDD/CA combinations can also potentiate the cyto-

toxic effects of chemotherapeutics. Thus, it has been 
found that the combination of the clinically approved 
vitamin D2 analog doxercalciferol and CA (D2/CA) 
significantly increases the extend of AML cell death 
caused by a low concentration of arabinosylcytosine 
(AraC) [21, 22]. Notably, although AraC-induced cy-
totoxicity was accompanied by the increased genera-
tion of intracellular reactive oxygen species (ROS), 
the enhancement of cell death by D2/CA was accom-
panied by a decrease in ROS levels and by activa-
tion of VDR-dependent signaling pathway leading to 
ASK1-mediated apoptosis.

Plant-derived phenolic compounds are capable 
of cooperating with one another against different 
types of malignant cells. Particularly, studies by M. 
Danilenko’s laboratory have demonstrated that cur-
cumin (CUR) or methyl 4-hydroxycinnamate (MHC) 
can uniquely synergize with CA at non-cytotoxic 
concentrations of each agent, producing massive 
apoptotic cell death in different AML cell lines [23, 
24]. The CUR+CA combination also demonstrated 
a marked antileukemic effect in vivo [24]. Impor-
tantly, these combinations did not affect normal he-
matopoietic cells. Mechanistically, MHC+CA- and 
CUR+CA-induced apoptosis was mediated solely 
by the disruption of cellular Ca2+ homeostasis. Ac-

Figure 2 – Comparison of the differentiation-inducing effects of different vitamin D derivatives on 
AML cells (a–d). The data are the means + SD of at least four independent experiments;  

*, p< 0.05 vs. 1,25D3; **, p< 0.01 vs. 1,25D3; #, p< 0.05 vs. PRI-1907; ##, p< 0.01 vs. PRI-1907 [17]
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tivation of caspase cascade in combination-treated 
AML cells resulted from sustained elevation of cy-
tosolic Ca2+ (Ca2+

cyt) and was not preceded by endo-
plasmic reticulum stress or mitochondrial damage. 
The CUR+CA-induced Ca2+

cyt rise did not involve 
excessive influx of extracellular Ca2+ but, rather, oc-
curred due to massive Ca2+ release from intracellular 
stores concomitant with inhibition of Ca2+

cyt extru-
sion through the plasma membrane. Collectively, 
these results provide the mechanistic and transla-
tional basis for further characterization of MHC+CA 
and CUR+CA combinations as a prototypes of novel 
Ca2+-targeted pharmacological tools for the treatment 
of AML [25, 26].

The socio-economic problem of blood cancer is 
currently extremely relevant, taking into account not 
only the high mortality rate, but also the disability 
of patients, the huge material costs during treatment. 
Therapy of AML still remains a challenge. As sur-
vival of patients has not changed significantly over 
the years, and new strategies are urgently needed. 
Some anticancer agents, such as flavopiridol, have 
shown promising results in commercially developed 
AML clinical trials. Others, such as those that target 
individual signaling proteins, are already approved 
by the United States Food and Drug Administration 
(FDA) and the European Medicines Agency (EMA) 
for the treatment of different AML subtypes. In addi-
tion, we describes novel promising approaches based 
on the use of combinations of natural agents, which 
deserve further detailed discussion beyond the scope 
of our review. Future therapeutic modalities in AML 
include immunomodulation with vaccines as well 
as targeting leukemic microenvironment, leukemia 
stem cells, and oncogenic fusion proteins or tran-
scription factors involved in leukemogenesis. Over-
all, it is hoped that continued progress in expanding 
new approaches will soon provide useful additions to 
AML therapy and will significantly improve its cur-
rently poor prognosis.
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Comprehensive proteomic analysis  
of camel milk-derived extracellular vesicles

Abstract: Extracellular vesicles were recovered by optimized density gradient ultracentrifugation from milk 
of Camelus (C.) dromedarius, C. bactrianus and hybrids reared in Kazakhstan, visualized by transmission 
electron microscopy and characterized by nanoparticle tracking analysis. Purified extracellular vesicles 
had a heterogeneous size distribution with diameters varying between 25 and 170 nm, with average yield 
of 9.49 x 108 – 4.18 x 1010 particles per milliliter of milk. Using a comprehensive strategy combining 
classical and advanced proteomic approaches an extensive LC-MS/MS proteomic analysis was performed 
of EVs purified from 24 camel milks (C. bactrianus, n=8, C. dromedarius, n=10, and hybrids, n=6). A total 
of 1,010 unique proteins involved in different biological processes were thus identified, including most 
of the markers associated with small extracellular vesicles, such as CD9, CD63, CD81, HSP70, HSP90, 
TSG101 and ADAM10. Camel milk-derived EV proteins were classified according to biological processes, 
cellular components and molecular functions using gene-GO term enrichment analysis of DAVID 6.8 
bioinformatics resource. Camel milk-derived EVs were mostly enriched with exosomal proteins. The most 
prevalent biological processes of camel milk-derived EV proteins were associated with exosome synthesis 
and its secretion processes (such as intracellular protein transport, translation, cell-cell adhesion and protein 
transport, and translational initiation) and were mostly engaged in molecular functions such as Poly(A) 
RNA and ATP binding, protein binding and structural constituent of ribosome. Proteomic studies of camel 
milk and sub-fractions thereof, such as casein, whey, or the milk fat globule membrane (MFGM) have 
revealed a plethora of bioactive proteins and peptides beneficial for developing immune and metabolic 
systems (Casado et al., 2008; Kussmann and Van Bladeren, 2011). By contrast, camel milk-derived EVs 
are still a largely uncharted proteomic terrain, although we know that milk-derived EVs carry cell origin-
specific cargo and transport both bioactivity and information between cells (de la Torre Gomez et al., 2018). 
Key words: milk, camel, exosomes, extracellular vesicles, proteome, tetraspanins.

Introduction

Milk is usually considered as a complex biologi-
cal liquid in which supramolecular structures (casein 
micelles and milk fat globules) are found beside min-
erals, vitamins and soluble proteins (whey proteins) 
as well as cells. In addition to these components, it 
was recently shown that milk contains also extracel-
lular vesicles that are released by cells as mediators 
of intercellular communication. Indeed, cell com-
municate with neighboring cells or with distant cells 
through the secretion of extracellular vesicles [1]. 
Phospholipid bilayer-enclosed extracellular vesicles 
(EVs) are naturally generated and released from sev-
eral cell domains of life (Bacteria, Archaea, Eukarya) 

into the extracellular space under physiological and 
pathological conditions [2]. EVs are commonly clas-
sified according to their sub-cellular origin into three 
major subtypes, such as microvesicles, exosomes, 
and apoptotic bodies. Contents of vesicles vary a 
with respect to mode of biogenesis, cell type, and 
physiologic conditions [3]. Exosomes represent the 
smallest population among EVs ranging in size from 
30 to 150 nm in diameter [4]. They are generated in-
side multivesicular bodies in the endosomal compart-
ment during the maturation of early late endosomes 
and are secreted when these compartments fuse with 
the plasma membrane [5]. Found in all biofluids exo-
somes harbor different cargos as a function of cell 
type and physiologic state [3].

https://doi.org/10.26577/ijbch-2019-2-bch1
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Milk is the sole source of nutrients for the new-
born and very young offspring, as well as being an 
important means to transfer immune components 
from the mother to the newborn of which the immune 
system is immature [6]. Milk is therefore thought 
to play an important role in the development of the 
immune system of the offspring [7]. Milk is also a 
source of delivers molecules, via exosomes and/or 
microvesicles, acting on immune modulation of neo-
nates due to their specific proteins, mRNA, long non-
coding RNA and miRNA contents. Exosomes have 
come in the limelight as biological entities contain-
ing unique proteins, lipids, and genetic material. It 
was shown that the RNA contained in these vesicles 
could be transferred from one cell to another, through 
an emerging mode of cell-to-cell communication [8]. 
RNAs conveyed by exosomes are translated into pro-
teins within transformed cells (mRNA), and/or are 
involved in regulatory functions (miRNA). For this 
reason, exosomes are recognized as potent vehicles 
for intercellular communication, capable for transfer-
ring messages of signaling molecules, nucleic acids, 
and pathogenic factors [9]. 

Over the last decade, exosomes were widely ex-
plored as biological nanovesicles for the develop-
ment of new diagnostic and therapeutic applications 
as a promising source for new biomarkers in vari-
ous diseases [10]. For example, exosomes secreted 
by dendritic cells have been shown to carry MHC-
peptide complexes allowing efficient activation of 
T lymphocytes, thus displaying immunotherapeutic 
potential as promoters of adaptive immune responses 
[11]. Recently, cell culture studies showed that bo-
vine milk-derived exosomes act as a carrier for che-
motherapeutic/chemopreventive agents against lung 
tumor xenografts in vivo [12]. Nevertheless, their 
physiological relevance has been difficult to evaluate 
because their origin, biogenesis and secretion mecha-
nisms remained enigmatic. 

Despite a significant number of publications de-
scribing the molecular characteristics and investigat-
ing the potential biological functions of milk-derived 
exosomes [13; 14], there are only one dealing with 
exosomes derived from camel milk [15]. These au-
thors report for the first time isolation and charac-
terization using proteomic (SDS-PAGE and western 
blot analysis) and transcriptomic analyses exosomes 
from dromedary milk at different lactation stages. 
However, there is no comprehensive investigation on 
exosomal protein variations and variability in compo-
sition between individual camels. Milk-derived EVs 
from Bactrian and hybrid milks have never been ex-

plored before. Therefore, to gain insight into the pro-
tein diversity of camel milk-derived EVs, we herein 
provide results of isolation and in-depth morphologi-
cal and protein characterization of milk-derived EVs 
from C. dromedarius, C. bactrianus and hybrids from 
Kazakhstan using a comprehensive strategy combin-
ing classical (SDS-PAGE) and advanced proteomic 
approaches (LC-MS/MS). 

Materials and methods

Milk sample collection and preparation. Raw 
milk samples were collected during morning milking 
on healthy dairy camels belonging to two species: C. 
bactrianus (n=72) and C. dromedarius (n=65), and 
their hybrids (n=42) at different lactation stages, 
ranging between 30 and 90 days postpartum. Cam-
els grazed on four various natural pastures at extreme 
points of Kazakhstan: Almaty (AL), Shymkent (SH), 
Kyzylorda (KZ), and Atyrau (ZKO). Whole-milk 
samples were centrifuged at 3,000 g for 30 min at 4oC 
(Allegra X-15R, Beckman Coulter, France) to sepa-
rating fat from skimmed milk. Samples were quickly 
frozen and stored at -80°C (fat) and -20°C (skimmed 
milk) until analysis. 

Selection of milk samples for analysis. In total 24 
camel milk samples (C. bactrianus, n=8, C. drom-
edarius, n=10, and hybrids, n=6) were selected for 
isolation of camel milk-derived EVs, based on lac-
tation stages and number of parities of each camel 
group composed by the species and grazing regions. 
It should be emphasized that data available on ani-
mals: breed, age, lactation stage and calving num-
ber, were estimated by a local veterinarian, since no 
registration of camels in farms is maintained. Six 
samples of camel milk-derived EVs (C. bactrianus, 
n=2, C. dromedarius, n=2, and hybrids, n=2) were 
selected randomly for transmission electron micros-
copy (TEM) with negative staining (uranyl acetate). 
Then, 15 milk samples including the 6 examined by 
TEM (C. bactrianus, n=5, C. dromedarius, n=5, and 
hybrids, n=5) were analyzed by SDS-PAGE and LC-
MS/MS analysis using a QExactive (Thermo Fischer 
Scientific, USA) Mass Spectrometer after a tryptic 
digestion of excised gel bands. 

Isolation of camel milk-derived EVs. First, 
skimmed milk samples (40-45 mL) were incubated 
at 37°C for 30 min in a water bath to enhance free 
β-casein adsorption to casein micelles. Then, acetic 
acid was added to the total volume of milk, to obtain 
a final concentration of 10% and thus acidified milk 
was incubated at 37°C for 5 min for precipitation of 
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caseins. Finally, 1M sodium acetate was added to ob-
tain a final concentration of 10% for salting out at 
RT for 5 min, followed by centrifugation at 1,500 g 
for 15 min at 20°C (Beckman Coulter, Allegra X-I5R 
Centrifuge, France). After being passed through ster-
ilized vacuum-driven filtration system Millipore Ster-
itop, 0.22 µm, the supernatant, namely the filtrated 
whey, was concentrated by centrifugation at 4,000 g 
and 20°C using Amicon 1,000K ultracentrifuge tube 
until to obtain 3 mL of concentrate remaining. The 
retentate thus obtained was ultra-centrifuged for pel-
leting the EVs at 33,000 g for 1h10 at 4°C (Beckman 
Coulter, Optima XPN-80, 50TI rotor, France). Next, 
the pellet was suspended in 500 µL of PBS and added 
to pre-prepared 11 mL of sucrose gradient 5-40% and 
ultra-centrifuged at 34,000 g for 18h at 4°C (Beck-
man Coulter, Optima XPN-80, SW41 rotor, France). 
In total, 12 fractions of 1 mL were collected. Frac-
tions previously demonstrated to be enriched in exo-
somes (10, 11 and 12) were finally suspended into 50 
µL of PBS and stored at -80°C, until further analyses. 

Transmission electron microscopy (TEM). The 
EVs were analyzed as whole-mounted vesicles de-
posited on EM copper/carbon grids during 5 min and 
contrasted 10 sec in 1% uranyl acetate. Grids were 
examined with Hitachi HT7700 electron microscope 
operated at 80kV (Elexience – France), and images 
were acquired with a charge-coupled device camera 
(AMT).

Nanoparticle tracking analysis. The size distri-
bution and concentration of EVs were measured by 
NanoSight (NS300) (Malvern Instruments Ltd, Mal-
vern, Worcestershire, UK) according to manufactur-
er’s instructions. A monochromatic laser beam at 405 
nm was applied to the diluted suspension of vesicles. 
Sample temperature is fully programmable through 
the NTA software (version 3.2 Dev Build 3.2.16). A 
video of 30 sec was taken with a frame rate of 30 
frames/s and particle movement was analyzed by 
NTA software.

Proteomic analysis. To estimate the concentra-
tion of total EVs, the Coomassie Blue Protein Assay 
was used [43]. Absorbance at 595 nm was measured 
using the UV-Vis spectrophotometer (UVmini-1240, 
Shimadzu, France). The reference standard curve 
was done with 1 mg/mL commercial bovine serum 
albumin (BSA, Thermo Fischer Scientific, USA). 

In order to identify proteins, mono dimensional 
electrophoresis (1D SDS-PAGE) followed by trypsin 
digestion and LC-MS/MS analysis, was used. Ten 
µµg of each individual skimmed camel milk sample 
were loaded onto 4-15% Mini-PROTEAN® TGX™ 

Precast Gels (Bio-Rad, Marne-la-Coquette, France) 
and subjected to electrophoresis. Samples were pre-
pared with Laemmli Lysis-Buffer (Sigma-Aldrich, 
USA) with β-mercapto ethanol and denatured at 
100°C for 15 min. Separations were performed in a 
vertical electrophoresis apparatus (Bio-Rad, Marne-
la-Coquette, France). After a short migration (0.5 
cm) of samples, gels were stored at -80°C until LC-
MS/MS analysis. 

Reduction of disulfide bridges of proteins was 
carried out by incubating at 37°C for one hour with 
dithiothreitol (DTT, 10 mM, Sigma, USA), mean-
while the alkylation of free cysteinyl residues with 
iodoacetamide (IAM, 50 mM, Sigma, USA) at RT 
for 45 min in total obscurity. After gel pieces were 
washed twice, first, with 100 µµL 50% ACN/50 mM 
NH4HCO3 and then with 50 µµL ACN, they were 
finally dried. The hydration was performed at 37°C 
overnight using digestion buffer 400 ng lys-C prote-
ase + trypsin. Hereby, peptides were extracted with 
50% ACN/0.5% TFA and then with 100% ACN. Pep-
tide solutions were dried in a concentrator and finally 
dissolved into 70 µL 2% ACN in 0.08% TFA. 

The identification of peptides was obtained using 
UltiMate™ 3,000 RSLC nano System (Thermo Fish-
er Scientific, USA) coupled to a QExactive (Thermo 
Fischer Scientific, USA) mass spectrometer.

Four µL of each sample were injected at a flow 
rate of 20 µL/min on a precolumn cartridge (station-
ary phase: C18 PepMap 100, 5 µm; column: 300 µm 
x 5 mm) and desalted with a loading buffer 2% ACN 
and 0.08% TFA. After 4 min, the precolumn cartridge 
was connected to the separating RSLC PepMap C18 
column (stationary phase: RSLC PepMap 100, 2 µm; 
column: 75 µm x 150 mm). Elution buffers were A: 
2% ACN in 0.1% formic acid (HCOOH) and B: 80% 
ACN in 0.1% HCOOH. The peptide separation was 
achieved with a linear gradient from 0 to 35% B for 
34 min at 300 nL/min. One run took 42 min, includ-
ing the regeneration and the equilibration steps at 
98% B. 

Peptide ions were analyzed using Xcalibur 2.1 
with the following machine set up in CID mode: 
1) full MS scan in QExactive with a resolution of 
15,000 (scan range [m/z] = 300-1,600) and 2) top 8 
in MS/MS using CID (35% collision energy) in Ion 
Trap. Analyzed charge states were set to 2-3, the dy-
namic exclusion to 30 s and the intensity threshold 
was fixed at 5.0 x 102.

Raw data were converted to mzXML by MS 
convert (ProteoWizard version 3.0.4601). Uni-
ProtKB Cetartiodactyla database was used (157,113 
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protein entries, version 2015), in conjunction with 
contaminant databases were searched by algorithm 
X!TandemPiledriver (version 2015.04.01.1) with 
the software X!TandemPipeline (version 3.4) devel-
oped by the PAPPSO platform (http://pappso.inra.fr/
bioinfo/). The protein identification was run with a 
precursor mass tolerance of 10 ppm and a fragment 
mass tolerance of 0.5 Da. Enzymatic cleavage rules 
were set to trypsin digestion (“after R and K, unless P 
follows directly after”) and no semi-enzymatic cleav-
age rules were allowed. The fix modification was set 
to cysteine carbamide methylation and methionine 
oxidation was considered as a potential modification, 
Results were filtered using inbuilt X!TandemParser 
with peptide E-value of 0.05, a protein E-value of 
-2.6 and a minimum of two peptides. 

Bioinformatics and functional enrichment analy-
sis. Functional enrichment analyses on camel milk-
derived EV protein was performed using online 
software for gene annotation “The Database for 
Annotation, Visualization and Integrated Discovery 
(DAVID)” version 6.8 (https://david.ncifcrf.gov/
home.jsp/), as described by [16]. 

Ethics statements. All animal studies were car-
ried out in compliance with European Community 
regulations on animal experimentation (European 
Communities Council Directive 86/609/EEC) and 
with the authorization of the Kazakh Ministry of Ag-
riculture. Milk sampling was performed in appropri-
ate conditions supervised by a veterinary accredited 
by the French Ethics National Committee for Ex-
perimentation on Living Animals. No endangered or 
protected animal species were involved in this study. 
No specific permissions or approvals were required 
for this study except for the rules of afore-mentioned 
European Community regulations on animal experi-
mentation, which were strictly followed. 

Results and discussion

Isolation of camel milk-derived EVs. EVs are 
complex and delicate systems requiring optimized 
isolation and characterization adapted to each fluid 
type of origin [41], which may be achieved by a va-
riety of methods, including ultracentrifugation, filtra-
tion, immunoaffinity isolation and microfluidics tech-
niques [17]. Choice of method should be guided by 
the required degree of EVs purity and concentration. 
General protocols to isolate EVs from cell culture 
supernatants and body fluids involve steps of differ-
ential ultracentrifugation and further purification on 
a sucrose density gradient [18]. Commercially pro-

duced kits for exosome isolation are nowadays avail-
able; however, they are not adapted to milk samples. 
Due to highly variable composition between different 
body fluids and even within milks of different spe-
cies, special optimization steps are required. Isolating 
milk-derived EVs is complicated by milk composi-
tion that differs significantly across species, lactation 
stage, physiological and health status of individuals. 
In addition, the recovery of purified exosomes from 
milk for subsequent analysis requires, according to 
research objectives, to increase sample volume that 
is not compatible with classical protocols. 

In our study, for milk-derived EVs isolation, the 
“gold standard method”, including differential ultra-
centrifugation with sucrose density gradient, was per-
formed (Krupova et al., unpublished results). How-
ever, to achieve efficient and quantitative recovery 
of EVs from camel milk, commonly used protocol 
was modified. First, milk fat, cells and cellular debris 
were removed by differential ultracentrifugation. The 
resuspended pellet was loaded on top of a sucrose 
gradient and ultra-centrifuged to allow for the sepa-
ration and concentration of EVs. After ultracentrifu-
gation, individual fractions were collected, and EVs 
enriched fractions (10 to 12) were pooled. 

Morphology of isolated camel milk-derived EVs. 
The method comprising differential ultracentrifuga-
tion with density gradient ultracentrifugation was de-
scribed as being suitable for efficient isolation and 
purification of higher quality EVs with intact native 
morphology [19]. To visualize and characterize the 
morphology and size distribution of camel milk-de-
rived EVs, TEM and NTA analyses were performed. 
In all 6 milk samples analyzed, a high abundance of 
homogenous population of EVs enriched in spherical 
exosomes with average yield of 9.49 x 108 – 4.18 x 
1010 particles per milliliter was observed. The average 
sizes varied between 25 and 170 nm in diameter. A 
classical EV-like morphology has been noticed with 
no significant differences between C. dromedarius, 
C. bactrianus and hybrids samples (Figure 1). 

Results confirmed that we have isolated both 
higher purity and higher quality EVs with intact 
morphological structures. Based on earlier observa-
tions described for dromedary milk [15] and on milk 
of other species, such as bovine [13], porcine [20], 
equine [21] and human [22], obtained characteristics 
for Camelus milk appear common to EVs across spe-
cies. So, we can conclude that the method of differen-
tial ultracentrifugation with sucrose density gradient 
ultracentrifugation resulted in efficient and reliable 
isolation of camel milk-derived EVs. 

https://david.ncifcrf.gov/home.jsp/
https://david.ncifcrf.gov/home.jsp/
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In-depth proteomic analysis of camel milk-
derived EVs. Apart from the morphology, specific 
protein composition enables to characterize EVs. To 
identify the proteins present in camel milk-derived 
EVs, extensive analyses involving trypsin diges-
tion, LC-MS/MS (Q Exactive, Thermo Fisher Scien-
tific, USA) and database searches were performed. 
Recently, using a similar approach, a total of 1,963 
proteins were identified in human milk-derived EVs 
[14], and 2,107 unique proteins were described in bo-
vine milk-derived EVs [23]. Here, from EV samples 
derived from 15 camel milks (C. bactrianus, n=5, C. 
dromedarius, n=5, and hybrids, n=5), a total of 1,010 
functional groups of proteins (proteins belonging to 
a same group share common peptides) were detected 
(S1). About 890 proteins were common between the 
three camel (Figure 2a), while there are several pro-
teins indicated as unique to C. bactrianus (31), C. 
dromedarius (5), and hybrids (12). Using UniprotKB 
taxonomy Cetartiodactyla (SwissProt + Trembl) 
database, proteins were identified as authentically 
matching with proteins in Camelus protein databases 
(C. dromedarius, C. bactrianus, and C. ferus), and 
with the other mammalian species such as, Lama 
glama, Lama guanicoe, Bos taurus, Bos mutus, Sus 
scrofa and Ovis aries protein databases and others. 

Including the major exosomal protein markers identi-
fied, the higher number of low abundant and several 
differentially expressed proteins enhance the oppor-
tunity for revealing the crucial proteins, which can 
affect exosome synthesis and secretion pathways. 
By comparison, the proteome of camel milk-derived 
EVs identified in this study is relatively larger com-
pared to the camel milk proteome reported in a pre-
vious study [24]. A total of 391 functional groups 
of proteins have been identified from 8 camel milk 
samples using a less sensitive LC-MS/MS (LTQ Or-
bitrap XLTM Discovery, Thermo Fisher Scientific), of 
which 235 proteins were observed as common across 
camel species. We cannot exclude that there may be 
several reasons for the significant difference in the 
number of proteins identified in camel milk-derived 
EVs, comparatively to previously published data on 
camel milk proteome. First and foremost the instru-
ments (Q Exactive vs LTQ Orbitrap), since the Q 
Exactive analyzer was reported to provide significant 
improvement over the Orbitrap mass spectrometers 
[25] in terms of sensitivity. Comparing the proteomes 
between camel milk and camel milk-derived EVs, 
222 proteins were identified as common (Figure 2, 
b), the list of which are provided as a supplementary 
data (S21).

Figure 1 – Representative electron micrographs of C. dromedarius, C. bactrianus and hybrid camel milk-derived EVs.  
Scale bar represents: a) 1 µm, b) 500 nm, c) 200 nm.
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To get more insight into the subcellular origin of 
proteins identified, gene-GO term enrichment analy-
sis was performed using DAVID bioinformatics re-
sources 6.8. This analysis helps to understand the 
function of proteins and addresses them into different 
biological pathways [26]. In total 890 and 235 com-
mon proteins expressed in camel milk-derived EVs 
and camel milk, respectively, have been classified 
according to cellular components. However, despite 
the limitations of the gene annotations not all camel 
proteins have been annotated, therefore only 517 
exosomal and 96 milk proteins could to be converted 
to DAVID gene IDs. Thereby, 463 exosomal and 84 
milk proteins matched to GO terms under the cellular 
components’ headings. As shown in Figure 3, both 
milk-derived EVs and milk samples were mostly en-
riched with extracellular exosomal proteins (31.09% 
vs 35.41%, respectively), the specific subset of cellu-
lar proteins that are targeted specifically to exosomes. 
These results coincide with data reported previously 
on human milk and milk-derived EVs, where a high 
percentage of proteins linked to GO terms like “exo-
somes” [14]. The next biggest group represented a 
large number of cytoplasmic proteins (19.58% EVs 
vs 14.58% milk) found in milk-derived EVs and nu-
cleus proteins (13.24% EVs vs 15.62% milk) in camel 
milk. Cytoplasmic proteins might originate from “cy-
toplasmic crescents”, which are trapped between the 
membrane layers of the MFGM during the budding 
process when the fat globule leaves the epithelial cell 
[27]. Thus, the MFGM can reflect dynamic changes 
within the MEC and may provide a “snapshot” of 
mammary gland biology, under specific patho-physi-
ological conditions. About 13.24% and 12.50% were 

reported to be membrane proteins identified in camel 
milk-derived EVs and milk samples. Membrane traf-
ficking proteins represent Rab proteins, which belong 
to the Ras superfamily of small GTPase. Function of 
these proteins is central regulation of vesicle bud-
ding, motility and fusion. They play a role in endocy-
tosis, transcytosis and exocytosis processes [26]. In 
addition, some membrane proteins from intracellular 
organelles such as cytosol, mitochondrion and Golgi 
apparatus were highly expressed in camel milk-de-
rived EVs. 

Next, we classified proteins expressed in camel 
milk-derived EVs according to biological processes, 
molecular functions, and KEGG pathways. Camel 
milk-derived EV proteins observed were involved in 
twenty-six GO biological process terms (Figure 4). 
The most prevalent biological processes of camel 
milk-derived EV proteins were associated with exo-
some synthesis and its secretion processes, such as 
intracellular protein transport (5.57%), translation 
(3.45%), cell-cell adhesion and protein transport 
(3.26%), and translational initiation. Exosomes are 
increasingly recognized as mediators of intercellular 
communication due to their capacity to merge with 
and transfer a repertoire of bioactive molecular con-
tent (cargo) to recipient cells [11]. In addition, EV 
proteins were mostly engaged in cellular functions 
such as Poly(A) RNA and ATP (9.60%) binding, pro-
tein binding and structural component of ribosome 
(3.65%). About 3.84% proteins are associated with 
GTP binding function (Figure 4), regulating mem-
brane-vesicle trafficking process. Proteins expressed 
in camel milk-derived EVs were categorized into 34 
different KEGG pathways. 

Figure 2 – Общее название. a) Venn diagram comparing proteins identified in C. dromedarius, C. bactrianus and 
hybrids milk-derived EVs. The diagram illustrates common and unique EV proteins between the three species  

b) Venn diagram comparing proteins identified in camel milk-derived EVs and  
proteins detected in camel milk reported in our previous study [24]
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Figure 3 – Functional annotations of camel milk and milk-derived EV proteins  
classified into cellular components using DAVID bioinformatics resources 6.8

As shown in Table 1, camel milk-derived EV pro-
teins were mostly associated with endocytosis (5.57%), 
Epstein-Barr virus infection (4.03%), ribosome (3.84%), 
proteasome (3.45%), RNA transport and viral carcino-
genesis (2.50%) KEGG pathways. It is known that exo-
somes display a wide variety of immuno-modulatory 
properties. This is highlighted by findings showing that 
exosomes secreted by Epstein-Barr virus (EBV)-trans-
formed B cells are able to stimulate CD4+ T cells in an 
antigenic-specific manner [11]. 

Exosomes are a rich source of potential milk bio-
markers. Isolation of EVs from milk is complicated 
by the high lipid content of milk [17]. Lipids are re-
leased in milk as fat globules (MFGs) by mammary 
epithelial cells. These MFGs are droplets of lipids 
surrounded by a complex phospholipid trilayer con-

taining proteins and glycoproteins [28], and thus are 
a type of EVs. MFGs are largely heterogeneous in 
size, and their buoyant densities are different from 
those of EVs. Because of their plasma membrane 
origin, vesicular nature, and high abundance in milk, 
however, MFGs may be co-isolated with other EVs 
populations present in milk [23]. As expected, camel 
milk-derived EVs analyzed were mostly enriched 
with MFGM-enriched proteins associated with milk, 
such as fatty acid synthase (FAS), MFG-E8 (also 
termed lactadherin), butyrophilin (BTN) and xan-
thine dehydrogenase. FAS, BTN and MFG-E8 are 
negative co-stimulatory molecules inhibiting anti-
tumor immune responses, which have become novel 
target pathways for cancer- and immunotherapy de-
velopment [29-31]. 
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Figure 4 – GO enrichment analysis of camel milk-derived EV proteins classified 
 into biological processes and molecular functions using DAVID bioinformatics resources 6.8

Table 1 – KEGG pathway analysis of camel milk-derived EVs 

KEGG pathway term % PValue Fold enrichment
Endocytosis 5.57 8.0E-11 4.32
Epstein-Barr virus infection 4.03 8.7E-8 4.23
Ribosome 3.84 1.1E-9 5.77
Proteasome 3.45 4.1E-16 15.14
RNA transport 2.69 2.2E-4 3.41
Bacterial invasion of epithelial cells 2.11 2.5E-5 5.53
Tight junction 2.11 2.7E-3 3.11
Vasopressin-regulated water reabsorption 1.92 1.9E-6 8.41
Synaptic vesicle cycle 1.92 2.9E-5 6.14
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KEGG pathway term % PValue Fold enrichment
Adherens junction 1.92 5.4E-5 5.69
Salmonella infection 1.73 1.3E-3 4.19
Fc gamma R-mediated phagocytosis 1.34 2.2E-2 3.19
Legionellosis 1.15 1.5E-2 4.07
mTOR signaling pathway 1.15 1.7E-2 3.93
Biosynthesis of amino acids 1.15 4.1E-2 3.14
Endocrine and other factor-regulated calcium reabsorption 0.96 2.2E-2 4.61
Collecting duct acid secretion 0.77 3.1E-2 5.73

Continuation of table 1

Camel milk-derived EVs analyzed were highly 
enriched with ubiquitous, cell-specific and cytosolic 
proteins, including proteins associated with the en-
dosomal pathway, involved in mechanisms respon-
sible for exosome biogenesis. All populations of EVs 
analyzed expressed in abundance the small Rab GT-
Pases, such as RAB1A, RAB11B, RAB5C, RAB18, 
RAB2A, RAB7A and RAB21. Rab GTPases are 
key regulators of intracellular membrane traffick-
ing, from the formation of transport vesicles to their 
fusion with membranes. Additionally, exosomes de-
rived from all camel milk analyzed were significantly 
enriched with certain multifunctional proteins, such 
as Alix (programmed cell death 6 interacting protein 
PDCD6IP) and TSG101 (tumor susceptibility gene 
101). These Endosomal Sorting Complexes required 
for Transport (ESCRT) protein components of vesic-
ular trafficking process are believed to be a specific 
exosome-segregated biomarker during its biogenesis 
[15, 32]. Recently, it was reported that syndecan-syn-
tenin-ALIX is an important regulator of membrane 
trafficking and heparan sulphate-assisted signaling, 
which influences pathological processes, including 
cancer, the propagation of prions, inflammation, am-
yloid deposition and neurodegenerative disease [33]. 
Moreover, HSP70 and HSP90 proteins implicated in 
innate immune responses and antigen presentation 
[34], involved in signal transduction protein kinases 
and 14-3-3 proteins, and metabolic enzymes such as 
peroxidases, pyruvate kinases, and α-enolase were 
also observed in camel milk-derived EVs. Cell mem-
brane proteins, such as MHC I and MHC II, dem-
onstrating vesical nature of the analyzed materials, 
were identified as well in all camel milk-derived EVs 
analyzed, as well as, cytosolic proteins such as tu-
bulin, actin, and actin-binding proteins were highly 
expressed. 

As a consequence of their endosomal origin, 
most of exosomes are composed of proteins in-

volved in membrane transport and fusion, in mul-
tivesicular body biogenesis, in processes requiring 
heat shock proteins, integrins and tetraspanins [35]. 
While some of the proteins that are found in the 
proteome of many exosomal membrane prepara-
tions may merely reflect the cellular abundance of 
the protein, others are specifically enriched in exo-
somes and can therefore be defined as exosome-spe-
cific marker proteins. Apart from providing nourish-
ment to the offspring, these proteins play a role in 
intercellular communication via transfer of biomol-
ecules between cells. However, it is currently un-
known whether exosomes found in milk originate 
from immune cells present in milk, from mammary 
epithelial cells, from circulating cells coming from 
elsewhere in the body or from bacterial species 
present in the mammary gland under mild perma-
nent infection (sub-clinical mastitis). 

Available proteomic studies define specific mark-
ers of the EVs (membrane and cytosolic proteins) 
and a specific subset of cellular proteins that are tar-
geted specifically to exosomes, the functions of some 
of them still remain unknown [36]. This is particu-
larly interesting in relation to their possible involve-
ment in human diseases. The knowledge of exosome 
proteomics can help not only in understanding their 
biological roles but also in supplying new biomarkers 
[37]. Among the membrane proteins most enriched in 
exosomes are tetraspanins, which play a critical role 
in exosome formation and are involved in morpho-
genesis, fission and fusion processes [38]. Recently 
CD9, CD63, and CD81 tetraspanins have been de-
fined as novel markers characterizing heterogeneous 
populations of EVs subtypes [39], the presence of 
which, including CD82 and TSPAN14 proteins, 
were confirmed in camel milk-derived EVs. How-
ever, some exosome samples analyzed were devoid 
of CD63. The absence of this tetraspanin in secret-
ed exosomes by some cell types was previously re-
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ported, and the necessity of analyzing instead either 
CD81- or CD9-bearing EVs was reported [39].

Even in the case of markers with strong evidence 
for EVs subtype specificity, the presence of such 
markers does not rule out that other types of vesicles 
are present in a preparation simultaneously [17]. Not 
only the desired populations must be confirmed as 
present; contaminants must be demonstrated to be 
absent. The purity of the exosomes isolated is highly 
variable due to the presence of contaminating par-
ticles, vesicles and molecules such as proteins and/
or nucleic acids as well as other cellular components 
[40], which may co-purify in vesicle preparations and 
confound analysis [41, 17]. Minimizing contamina-
tion in the isolation of exosomes is vital in providing 
reliable information upon which to base new para-
digms [40]. It was reported that exosomes isolated by 
differential ultracentrifugation with density gradient 
ultracentrifugation method can be used to examine 
the relationship of EV proteins to physiological or 
disease status of the host without any involvement 
or contamination of other free proteins in milk [19]. 
Density gradients add stringency by efficiently sepa-
rating particles of different density, which allows re-
moving contaminating non-vesicular particles. Thus, 
the purity of the camel milk-derived vesicles isolated 
from contaminations with other multivesicular bod-
ies has been examined and confirmed by the absence 
of microvesicle surface markers such as p-selectin 
and CD40, an endoplasmic reticulum marker calnex-
in, mitochondrial protein mitofilin, and an ER-asso-
ciated protein GP96. Even though, we have applied a 
filtration step of the milk supernatant prior to the EVs 
pelleting step, camel milk-derived EVs were con-
taminated with caseins, the expression of which have 
been also detected previously in dromedary [15], hu-
man [14] and bovine milk exosomes [23]. 

Conclusion

Using an optimized isolation protocol, we ob-
tained milk-derived exosomes originating from 15 
camel (C. dromedarius, C. bactrianus and hybrids) 
milk samples that satisfied the typical requirements 
for exosomal morphology, size and protein content. 
LC-MS/MS analyses allowed identifying a thousand 
of different proteins that represents to our knowl-
edge, the first comprehensive proteome of camel 
milk-derived EVs that appears wider than the milk 
proteome. As mentioned previously in other species 
camel milk-derived EVs contain proteins also pres-
ent in other milk components. This is particularly the 
case for lactadherin/MFG-E8, Ras-related proteins 

or CD9 that have been reported to occur in MFG. 
Our results strongly suggest that milk-derived exo-
somes have different cellular origin. Indeed, besides 
exosomes originating from mammary epithelial cells 
there are milk-derived exosomes from immune cells. 
If we consider that milk-derived exosomes also carry 
microRNAs, these vesicles have to be recognized as 
another important bioactive component of milk that 
might be involved in transmitting signals from the 
mother to the newborn but also represents a source 
of factors potentially responsible for the properties 
attributed to camelids milk and its health value.

Acknowledgments

The study was carried out within the Bolashak 
International Scholarship of the first author, funded 
by the JSC «Center for International Programs» 
(Kazakhstan). This work was supported in part by 
the grant for Scientific Research project named 
“Proteomic investigation of exosomes from milk 
of Camelus bactrianus and Camelus dromedarius” 
#AP05134760 from the Ministry of Education and 
Science of the Republic of Kazakhstan, which is duly 
appreciated. The authors thank all Kazakhstani camel 
milk farms for rendering help in sample collection, 
as well as PAPPSO, @BRIDGe, and MIMA2 plat-
forms at INRA (Jouy-en-Josas, France) for provid-
ing necessary facilities and technical support. We are 
grateful to Christine Longin for assistance with TEM 
analysis. 

References 

1. Tkach M., Théry C. (2016) Communication 
by extracellular vesicles: where we are and where 
we need to go. Cell, vol. 164, no. 6, pp. 1226-1232.  
https://doi.org/10.1016/j.cell.2016.01.043.

2. Delcayre A., Helen S., Le Pecq J.-P. (2005) 
Dendritic cell-derived exosomes in cancer immuno-
therapy: exploiting nature’s antigen delivery path-
way. Exp R Antic Ther., vol. 5, no. 3, pp. 537-547, 
https://doi.org/10.1586/14737140.5.3.537.

3. Abels E.R., Breakefield O. (2016) Introduc-
tion to extracellular vesicles: biogenesis, rna cargo 
selection, content, release, and uptake. Cell Mol 
Neurobiol., vol. 36, no. 3, pp. 301-312, https://doi.
org/10.1007/s10571-016-0366-z.

4. Hromada C., Mühleder S., Grillari J., Heinz 
R., Holnthoner W. (2017) Endothelial extracellular 
vesicles-promises and challenges. Front Physiol., 8: 
275, https://doi.org/10.3389/fphys.2017.00275. 

5. van der Pol E., Boing A.N., Harrison P., 



103А. Ryskaliyeva et al.

Int. j. biol. chem. (Online)                                               International Journal of Biology and Chemistry 12, № 2, 93 (2019)

Sturk A., Nieuwland R. (2012) Classification, func-
tions, and clinical relevance of extracellular vesicles. 
Pharm R., vol. 64, no. 3, pp. 676-705, https://doi.
org/10.1124/pr.112.005983.

6. Kelleher S.L., Lonnerdal B. (2001) Long-
term marginal intakes of zinc and retinol affect reti-
nol homeostasis without compromising circulating 
levels during lactation in rats. J Nutr., vol 131, no. 
12, pp. 3237-3242.

7. Hanson, Lars Å. (2007) Session 1: Feed-
ing and infant development breast-feeding and im-
mune function – Symposium on ‘Nutrition in early 
life: new horizons in a new century’. In: Proceedings 
of the Nutrition Society.  https://doi.org/10.1017/
S0029665107005654.

8. Colombo M., Graça R., and Clotilde T. (2014) 
Biogenesis, secretion, and intercellular interactions 
of exosomes and other extracellular vesicles. Ann R 
Cell Dev Biol., vol. 30, no. 1, pp. 255-289. https://
doi.org/10.1146/annurev-cellbio-101512-122326.

9. Kabani M., Ronald M. (2016) More than Just 
Trash Bins? Potential roles for extracellular vesicles 
in the vertical and horizontal transmission of yeast 
prions. Cur Gen., vol. 62, no. 2, pp. 265-270, https://
doi.org/10.1007/s00294-015-0534-6.

10. Kanada M., Bachmann M.H., Hardy J.W., 
Frimannson D.O., Bronsart L., Wang A., Sylvester 
M.D., et al. (2015) Differential fates of biomolecules 
delivered to target cells via extracellular vesicles. 
Proc Nat Ac Sci., 201418401. https://doi.org/10.1073/
pnas.1418401112.

11. Keller S., M. P. Sanderson, A. Stoeck, P. Al-
tevogt (2006) Exosomes: from biogenesis and secre-
tion to biological function. Immunol L. https://doi.
org/10.1016/j.imlet.2006.09.005.

12. Munagala R., Farrukh A., Jeyaprakash J., R. 
C. Gupta. (2016) Bovine Milk-Derived Exosomes 
for Drug Delivery. Canc L. vol. 371, no. 1, pp. 48-61. 
https://doi.org/10.1016/j.canlet.2015.10.020.

13. Reinhardt T.A., Randy E.S., Brian J.N., Lip-
polis J.D. (2013) Bovine milk proteome: quantitative 
changes in normal milk exosomes, milk fat glob-
ule membranes and whey proteomes resulting from 
Staphylococcus aureus mastitis. J of Prot., vol. 82, pp. 
141-154, https://doi.org/10.1016/j.jprot.2013.02.013.

14. Herwijnen M.J.C. van, Marijke I. Z., Soe-
nita G., Nolte E., Hoen N.M., Garssen J., Stahl B., 
Altelaar A.F., Frank M., Redegeld A., Marca H.M. 
Wauben. (2016) Comprehensive proteomic analysis 
of human milk-derived extracellular vesicles un-
veils a novel functional proteome distinct from other 
milk components. Mol and Cell Prot., https://doi.
org/10.1074/mcp.M116.060426.

15. Yassin A.M., Marwa I.A., Hamid O.A., Amer 

F.H., Warda M. (2016) Dromedary milk exosomes as 
mammary transcriptome nano-vehicle: their isola-
tion, vesicular and phospholipidomic characteriza-
tions. J of Adv Res., vol. 7, no. 5, pp. 749-756. https://
doi.org/10.1016/j.jare.2015.10.003.

16. Huang D.W., Sherman B.T., Lempicki R.A. 
(2009) Systematic and integrative analysis of large 
gene lists using DAVID Bioinformatics resourc-
es. Nat Prot., vol. 4, no. 1, pp. 44-57. https://doi.
org/10.1038/nprot.2008.211.

17. Witwer K.W., Buzás E.I., Bemis L.T., Bora 
A., Lässer C., Lötvall J., Nolte-’t Hoen E.N., et al. 
(2013) Standardization of sample collection, isola-
tion and analysis methods in extracellular vesicle 
research. J of Extr Ves., https://doi.org/10.3402/jev.
v2i0.20360.

18. Zonneveld M.I., Brisson A.R., van Herwi-
jnen M.J.C., Tan S., van de Lest C.H.A., Redegeld 
F.A., Garssen J., Wauben M.H.M., Nolte-’t Hoen 
E.N. (2014) Recovery of Extracellular Vesicles from 
Human Breast Milk Is Influenced by Sample Collec-
tion and Vesicle Isolation Procedures. J of Extr Ves., 
https://doi.org/10.3402/jev.v3.24215.

19. Yamada T., Inoshima Y., Matsuda T., Ishig-
uro N. (2012) Comparison of methods for isolating 
exosomes from bovine milk. J of Vet Med Sci., vol. 
74, no. 11, pp. 1523-1525. https://doi.org/10.1292/
jvms.12-0032.

20. Chen T., Xie M.Y., Sun J.J., Ye R.S., Cheng 
X., Sun R.P., Wei L.M., et al. (2016) Porcine milk-
derived exosomes promote proliferation of intes-
tinal epithelial cells. Sci Rep., vol. 6, https://doi.
org/10.1038/srep33862.

21. Sedykh S. E., Purvinish L.V., Monogarov 
A.S., Burkova E.E., Grigor’eva A.E., Bulgakov 
D.V., Dmitrenok P.S., Vlassov V.V., Ryabchikova 
E.I., Nevinsky G.A. (2017) Purified horse milk exo-
somes contain an unpredictable small number of ma-
jor proteins. Bioch Open, vol. 4, pp. 61-72. https://
doi.org/10.1016/j.biopen.2017.02.004.

22. Admyre C., Johansson S.M., Qazi K.R., J.-
J.r Filen, Lahesmaa R., Norman M., Neve E.P.A., 
Scheynius A., Gabrielsson S. (2007) Exosomes with 
immune modulatory features are present in human 
breast milk. J Immun., vol. 179, no. 3, pp. 1969-1978, 
https://doi.org/10.4049/jimmunol.179.3.1969.

23. Reinhardt T.A., Lippolis J.D., Nonnecke B.J., 
Sacco R.E. (2012) Bovine milk exosome proteome.  
J of Prot., vol. 75, no. 5, pp. 1486-1492. https://doi.
org/10.1016/j.jprot.2011.11.017.

24. Ryskaliyeva A., Henry C., Miranda G., Faye 
B., Konuspayeva G., Martin P. (2018) Combining 
different proteomic approaches to resolve complex-
ity of the milk protein fraction of dromedary, bac-



104 Comprehensive proteomic analysis of camel milk-derived extracellular vesicles

Int. j. biol. chem. (Online)                                               International Journal of Biology and Chemistry 12, № 2, 93 (2019)

trian camels and hybrids, from different regions of 
Kazakhstan. PLoS ONE, vol. 13, no. 5, https://doi.
org/10.1371/journal.pone.0197026.

25. Michalski A., Damoc E., Hauschild J.-P., 
Lange O., Wieghaus A., Makarov A., Nagaraj N., 
Cox J., Mann M., Horning S. (2011) Mass spectrom-
etry-based proteomics using Q exactive, a high-per-
formance benchtop quadrupole orbitrap mass spec-
trometer. Mol and Cell Prot., https://doi.org/10.1074/
mcp.M111.011015.

26. Lu J., van Hooijdonk T., Boeren S., Vervoort 
J., Hettinga K. (2014) Identification of lipid synthesis 
and secretion proteins in bovine milk. J of Dair Res., 
vol. 81, no. 1, pp. 65-72, https://doi.org/10.1017/
S0022029913000642.

27. McManaman J.L., Neville M.C. (2003) 
Mammary physiology and milk secretion. Adv Drug 
Del Rev., vol. 55, no. 5, pp. 629-641, https://doi.
org/10.1016/S0169-409X(03)00033-4.

28. Lopez C., Ménard O. (2011) Human milk fat 
globules: polar lipid composition and in situ struc-
tural investigations revealing the heterogeneous dis-
tribution of proteins and the lateral segregation of 
sphingomyelin in the biological membrane. Coll and 
Surf B: Biointerfaces, https://doi.org/10.1016/j.col-
surfb.2010.10.039.

29. Kuhajda F.P. (2000) Fatty-acid synthase and 
human cancer: new perspectives on its role in tumor 
biology. Nutrition, vol. 16 no. 3, pp. 202-208, https://
doi.org/10.1016/S0899-9007(99)00266-X.

30. Cubillos-Ruiz J.R., Conejo-Garcia J.R. 
(2011) It never rains but it pours: potential role of bu-
tyrophilins in inhibiting anti-tumor immune respons-
es. Cell Cyc., vol. 10, no. 3, pp. 368-369. https://doi.
org/10.4161/cc.10.3.14565.

31. Neutzner M., Lopez T., Feng X., Bergmann-
Leitner E.S., Leitner W.W., Udey M.C. (2007) 
MFG-E8/Lactadherin promotes tumor growth in an 
angiogenesis-dependent transgenic mouse model of 
multistage carcinogenesis. Canc Res., vol. 67, no. 14, 
pp. 6777-6785, https://doi.org/10.1158/0008-5472.
CAN-07-0165.

32. Samuel M., Chisanga D., Liem M., Keerthi-
kumar S., Anand S., Seng Ang C., Adda C.G., Ver-
steegen E., Jois M., Mathivanan S. (2017) Bovine 
milk-derived exosomes from colostrum are enriched 
with proteins implicated in immune response and 
growth. Sci Rep., vol. 7, no. 1, https://doi.org/10.1038/
s41598-017-06288-8.

33. Baietti M.F., Zhang Z., Mortier E., Mel-
chior A., Degeest G., Geeraerts A., Ivarsson Y., et al. 
(2012) Syndecan-Syntenin-ALIX regulates the bio-
genesis of exosomes. Nat Cell Biol., vol. 14, no. 7, 
pp. 677-685, https://doi.org/10.1038/ncb2502.

34. Srivastava P. (2002) Interaction of heat 
shock proteins with peptides and antigen presenting 
cells: chaperoning of the innate and adaptive im-
mune responses. An Rev of Im., vol. 20, no. 1, pp. 
395-425, https://doi.org/10.1146/annurev.immu-
nol.20.100301.064801.

35. Simons M., Raposo G. (2009) Exosomes-
vesicular carriers for intercellular communication. 
Cur Op in Cell Biol., vol. 21, pp. 575-581. https://
doi.org/10.1016/j.ceb.2009.03.007.

36. Théry C., Zitvogel L., Amigorena Se. (2002) 
Exosomes: composition, biogenesis and function. 
Nat Rev Immun., vol. 2, no. 8, pp. 569-579, https://
doi.org/10.1038/nri855.

37. Raimondo F., Morosi L., Chinello C., Magni 
F., Pitto M. (2011) Advances in membranous vesi-
cle and exosome proteomics improving biologi-
cal understanding and biomarker discovery. Prot., 
vol. 11, no. 4, pp. 709-720, https://doi.org/10.1002/
pmic.201000422.

38. Rana S., Zöller M. (2011) Exosome target cell 
selection and the importance of exosomal tetraspan-
ins: a hypothesis. Bioch Soc Trans., vol. 39, no. 2, pp. 
559-562. https://doi.org/10.1042/BST0390559.

39. Kowal J., Arras G., Colombo M., Jouve M., 
Morath J.P., Primdal-Bengtson B., Dingli F., Loew 
D., Tkach M., Théry C. (2016) Proteomic comparison 
defines novel markers to characterize heterogeneous 
populations of extracellular vesicle subtypes. Proc of 
the Nat Acad of Sci., vol. 113, no. 8, pp. E968-77, 
https://doi.org/10.1073/pnas.1521230113.

40. Vaswani K., Koh Y.Q., Almughlliq F.B., 
Peiris H.N., Mitchell M.D. (2017) A method for the 
isolation and enrichment of purified bovine milk exo-
somes. Repr Biol., vol. 17, no. 4, pp. 341-348, https://
doi.org/10.1016/j.repbio.2017.09.007.

41. la Torre G., C. de R. V. Goreham, Bech Ser-
ra J.J., Nann T., Kussmann M. (2018) ‘Exosomics’ 
– a review of biophysics, biology and biochemistry 
of exosomes with a focus on human breast milk. 
Front in Gen., vol. 9, no. 92. https://doi.org/10.3389/
fgene.2018.00092.

42. Mathivanan S., Ji H., Simpson R.J. (2010) 
Exosomes: extracellular organelles important in 
intercellular communication. J of Prot., vol. 73, 
no. 10, pp. 1907-1920, https://doi.org/10.1016/j.
jprot.2010.06.006.

43. Bradford M.M. (1976) A rapid and sensitive 
method for the quantitation of microgram quantities 
of protein using the principle of protein dye bind-
ing. Anal Bioch., vol. 72, pp. 248-254. https://doi.
org/10.1016/0003-2697(76)90527-3.



© 2019 al-Farabi Kazakh National University                                                                                       Int. j. biol. chem. (Online)

International Journal of Biology and Chemistry 12, № 2, 105 (2019)

IRSTI 662.2                                                                                   https://doi.org/10.26577/ijbch-2019-i2-13 
 

 

1M.I. Tulepov , 1F.Yu. Abdrakova , 1*L.R. Sassykova , 1Z.A. Mansurov ,  
1A. Kuznetsov , 1I.A. Pustovalov , 1G.A. Spanova , 1D.M. Tolep , 2B. Elouadi   

 
1Institute of Combustion Problems, 172, Bogenbai, Batyr St., 050000, Almaty, Kazakhstan 

2Université De La Rochelle, Technoforum, 23 ave. Albert Einstein,  
BP 33060 – 17031, La Rochelle, France 

*e-mail: larissa.rav@mail.ru 
 

Modeling of the explosion of pyroxylin or combustion  
of the pyrotechnic composition 

 
 

Abstract: Considering the blow force as the given parameter during the combustion of pyrotechnic 
compositions, it is possible to calculate the mass of a necessary charge of pyrotechnic formulation. By 
this cause, a special interest is the model of an explosion or burning of the pyrotechnic composition, in 
which is possible at high degree of accuracy to calculate the mass of the pyrotechnic charge. This will 
lower the percentage of accidents when dealing with pyrotechnics. The aim of the work is formulation of 
the physical and mathematical model of explosion or combustion of pyrotechnic composition on the basis 
of laws of conservation of momentum and energy. The calculation formulas were checked on a concrete 
example – pyroxylin and compared with data from reference books and the Internet. The analysis of a 
calculated formula for a pyroxylin showed that in the course of explosion the main contribution to 
destruction of the chosen objects is made by a potential energy of gases (about 88%), and only 12% by a 
kinetic energy of incandescent gases, but when calculating force of explosion it needs to be considered. 
Key words: explosion, combustion, pyroxylin, energy, momentum, the physical and mathematical model 
of explosion or combustion of pyrotechnic composition.  

 
 
Introduction 
 
Combustion explosive gas (or fluid) mixtures or 

individual explosives is a homogeneous combustion. 
Pyrotechnic compositions are the mechanical mixtu-
res of the solid, finely crushed components – on deg-
ree of homogeneity are in the middle between the 
condensed fuel and individual substances (or 
homogeneous mixtures). Combustion of pyrotechnic 
compositions is carried out by a heat transfer from a 
reaction zone, to layers in which there is a prepa-
ration for combustion process. Inflaming of pyrocom-
positions also is based on the same principle. For 
emergence of combustion it is necessary to create 
local temperature increase in composition; it is 
reached by usually immediate impact on composition 
of hot gunpowder gases or use of special flammable 
formulations. When the pyrocomposition is put in 
action by a fire impulse and its combustion takes 
place in open space, its burning rate is small (usually 
a few mm/s). If the combustion occurs in an enclosed 
space, or if used in as an initiator a detonator cap, it 
may be an explosion (which speed is measured in 
hundreds, and sometimes thousands of m/s) [1-8]. 

There are many ways of calculation and choice 
of necessary explosive, for carrying out blasting, 
production of pyrotechnic devices, etc. These are 
chemical ways where calculations are carried out 
through an explosive decomposition reaction; phy-
sical ways where many researchers solve this 
problem as a problem only of thermal explosion. 
Explosion modeling assumes the solution of this 
problem, through the laws of conservation of energy 
and momentum, that allows to see visually the role 
introduced by each component in the reaction 
equations of conservation of energy and momentum 
[9-13]. 

In the solution of the equation the blow force 
necessary for destruction of this material is espe-
cially highlighted, using it as the given parameter, it 
is possible to specify enough the mass of a neces-
sary charge of pyrotechnic formulation [14-18]. 

Therefore, a special interest is the model of an 
explosion or burning of the pyrotechnic compo-
sition, in which is possible at high degree of accu-
racy to calculate the mass of the pyrotechnic charge. 
This will lower the percentage of accidents when 
dealing with pyrotechnics, when dealing with 
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pyrotechnics that may arise on fault of the 
manufacturer, as well as to reduce the percentage of 
systematic deviation from the intended accuracy of 
blasting and other work associated with the 
pyrotechnic compositions. 

The aim of the work is formulation of the 
physical and mathematical model of explosion or 
combustion of pyrotechnic composition on the basis 
of laws of conservation of momentum and energy. 

  
Experimental 
 
Physical and mathematical modeling of 

chemical and physical reactions is a way to describe 
a physical and chemical phenomenons, using the 
equations of mathematical physics, usually under 
the terms of an approximation to the real 
phenomenon. Physical and mathematical model is 
necessary for the study of chemical and physical 
phenomena in the laboratory, i.e. on the equipment, 
which is created with the specified parameters, and 
which reproduces the studied physical phenomenon 
[19-21]. If there are difficulties with reproduction 
and the description of the physical phenomenon, 
because of complexity of a physical task, then 
usually use similarity of the phenomena in which 
the solution of a task considerably becomes simpler, 
and the resulting mathematical decision for the 
description of the studied physical phenomenon is 
used. 

 For burning modeling, or explosion of 
pyrotechnic formulation, it is necessary to use the 
conservation equations: 

 

 nd m * v = 0i id t i = 1


                (1), 

 
where n=1,2,3,4,5,… 

The equation (1) is the law of conservation of 
momentum, mi, v i

  – the weight and speed of the  

i-th component of system, before and after the 
explosion.  

 
nd E = 0id t i = 1
                 (2), 

 
where Еi –  the total energy of the system, and the 
equation (2) is the law of conservation of energy.  

Let’s transform, the equation of conservation of 
momentum, for this purpose use differentiation in 
private derivatives, on variable coordinates r , t – 
radius of the vector, and of time  

 n nd rm * v = m * v * vi i i i idt t t ri=1 i=1
n

v * m * m = 0i i it t ri=1
r



 
 
 

 
 
 

    
  

  
  

  





  (3) 

 
The two parts of the equation (3) can be 

equalized and rewritten as:  
 

n rm * v * vi i it t ri = 1
n rv * m * mi i it t ri = 1

 
 
 

 
 
 

   
  

    
  

 





   (4) 

 
If to add variables as multipliers, under a sign of 

private derivatives, then we will obtain the equation 
(4) in a semi-logarithmic form: 

 

   

   

L n L n

L n L n

n rv * vi it t ri= 1
n rm * mi it t ri= 1

 
 
 

 
 
 

   
  

    
  

 





  (5) 

 
Let’s group in the equation (5) parts identical on 

derivatives and we will highlight a derivative in the 
right part of equation (5) r

t




:  

 

   

   

L n L n

* L n L n

n
v mi it ti= 1

n
v mi it r ri= 1

r

 
 
 

 
 
 

  
 

    
  



 
 

  (6) 

 
So multiply private derivatives on equal in 

brackets:  
 

   

   

L n L n

L n L n

n
v m ti it ti= 1

n
v m ri ir ri= 1

 
 
 

 
 
 

   
 

    
 




 

       (7) 

 
As private derivatives with different variables 

are partitioned on the different sides of the equation 
(7) and in each part differentiation on one variable is 
made, it is possible on properties of private 
derivatives, to pass from private derivatives to 
differentials: 

 

 
   

   

n d dL n v + L n m d t =i id t d ti=1
n d d= - L n v + L n m d ri id r d ri=1

 
 
 

 
 
 








 

    (8)  
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Let's make reduction in both members of 

equation and will integrate the equation (8): 
 

 
    
    

n
dLn v + dLn m =i ii=1

n
= - dLn v + dLn mi ii=1












          (9) 

 
For convenience of transformation, the constants 

obtained at integration have presented in the 
logarithmic form:  

 

 
 
 

n
L n v * m + L n C =1i ii=1
n

= - L n v * m + L n C 2i ii=1








            (10) 

 
Let's raise the right and left member of equation 

in degree on the basis of a constant of Napyer: 
 

 *  
n

e x p L n C v * m =1 i ii =1
Cn 2= e x p L n

v * mi =1 i i

 
 
 

  
  
    









            (11) 

 
As we have no determining factors for the 

constants obtained in case of integration, will 
continue transformations of the equation, and we 
will determine constants according to the energy 
conservation law in an integrated type: 

 
Cn 2C * v * m = n1 i ii=1 v * mi ii=1







          (12) 

 
Let’s take out constants to the right side of the 

equation: 
 

  C2n 2v * m =i i Ci=1 1


                   (13) 

 
We will reduce the degree of the left side of the 

equation (13): 
 

  Cn 2v * m =i i Ci=1 1


                   (14), 

 
where C 01  , on the problem statement C = 02  

Law of conservation of momentum in an 
integrated form is obtained: 

 

 n
v * m = 0i ii= 1


                        (15) 

 
Since, in the course of the explosion involved 

three components of the system (an explosive, gases 
produced at the chain reaction, and solid residues), 
that for our case n=3 

 
v *m =-v *m v *m1 1 2 2 3 3
              (16),  

 
where v = v v1 2 3

    

 
+m = m m1 2 3               (17), 

 
where m1 is weight of explosive charge, m2 is 
resulting gases mass, m3 is the cooling solid product 
of the explosion. In order to find the sought variable 
– volume of gases produced during the flow of the 
chain reaction it is necessary to present the mass 
through density and the occupied substance volume 

 
ρ * V =ρ * V +ρ * V1 1 2 2 3 3              (18) 

 
Let’s transfer a required variable to the left side 

of the equation (18): 
  

ρ * V =ρ * V -ρ * V2 2 1 1 3 3                (19) 

 
After simple mathematical transformations, we 

obtain an equation that determines the desired value: 
 

ρ*V -ρ *V m -m1 1 3 3 1 3V =2 ρ ρ2 2
           (20), 

 
where ρ1 is stoichiometric density of the explosive 
charge, ρ2 is density the produced gases at an actual 
temperature, ρ3 is the density of the combustion 
residue.  

V1, V2, V3 are the corresponding volumes.  
Since V2 is the volume of gases, and is searched 

at N.C. (normal conditions), then at solution of the 
problem it is necessary volume of gases result to the 
real conditions, i.e. to a temperature equal to about 
2500 K, for pyroxylin, and to the selected volume V 
(pressing of a pyroxylin by volume V is possible), 
p1, p2 – the atmospheric pressure and ν1= ν2. 
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For the analysis of the obtained specified value 
the volume of gases needs to be given to N.C., then 
it is necessary to use the state equations for gases: 

 
P * V ' = * R * T '2 2 2 2             (21)  

P * V = * R * T2 2 2 2  

 

* *
ρ*V -ρ*V m -mT' T'1 1 3 3 1 32 2V' =2 ρ T ρ T2 2 2 2

      (22), 

 
where T’2 is a temperature of normal conditions 
(293,16 К), T2 is a temperature of incandescent gas 
(2,500 К for pyroxylin). 

For the projectile having the volume of V we 
can lead the equation (20) to a form, it will help to 
estimate the value of pressure of gases upon 
projectile walls, as characterizes explosion: 

 
P * V = * R * T2 2               (23) 

P *V = *R *T2 2 2 2  

 

*
ρ*V -ρ *V1 1 3 3P * V = P2 ρ2

, 

* *
m -m m1 3 2P*V = P P2 2ρ ρ2 2

             (24), 

 
in this equation is considered the pressure P and 
temperature T in real conditions, the formation of 
gas in the projectile, in a chain reaction. 

Transform the energy balance equation: 
 

 n n
E = E + Ïi k i ii=1 i=1

               (25),  

 
the total energy is the sum of kinetic and potential 
energy. 

To obtain the necessary equations substitute the 
equation (25) into equation (2): 

 
n nd rE = E + * Ei k i k id t t t ri=1 i=1

n rП * П 0i it t ri=1

 
 
 

 
 
 

    
  

    
  







   (26) 

 
Since potential energy change with time and 

kinetic energy on radius to a vector is equal to zero, 
the equation (26) is given to a form: 

 

n nd rE = E + * Ï 0i k i id t t t ri=1 i=1
 
 
 

       


   (27) 

 
Multiply the left and right side of the equation 

(27) on the partial derivative, by time  
 

n rE + * Ï t 0k i it t ri=1
 
 
 

       


       (28). 

 
Reduce by a multiplier present an expression to 

the total differentials  
 

 n
dE + dÏ 0ki ii=1

                (29) 

 
Integrate the equation (29) 
 

E Ïk i in n
d E + d Ï = 0k i ii=1 i=10 0

         (30) 

 
We obtain the equation of the energy balance in 

the integral form: 
 

n n
E + Ï = 0k i ii =1 i =1

                  (31) 

 
As in the model system are involved three 

bodies – an explosive gas, solid residue, then n = 3.  
 

3 3
E + Ï = 0k i ii = 1 i = 1

               (32) 

 
Let’s consider work which is made by potential 

force at expansion of the formed gases 
 

δA = F * d r = P * dV
           (33), 

 
where P is defined from a formula (24). 

On the other hand 
 

dF * d r = - * d r = -d
d r
 

    

 
Then potential can be presented in the form 
 

0
P * d V P * V

V
     , A = F * r

    (34), 

 
where S is the surface area of the projectile. 
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Then the equation of balance taking into account 
the potential energy, the equation (34) 

 

 m 32q*m = * *R*T + P*V +c*m * T -T'1 3 2 2μ 22
 (35), 

 
where q is the specific heat of combustion. 

Substitute the formula (24) in the (35) and 
obtain: 

 

 q * m - c * m * T - T ' =1 3 2 2
m m32 2= * * R * T + P *2 2μ 2 ρ2 2

       (36), 

 
m3 via m1 it is possible to express via a ratio:  
 

m3=k*m1                               (37) 
 
Then the equation (36) can be transformed to a 

form: 
 

 

3 * R * T P2 2
2 * μ ρ2 2m m *1 2 q - c * k * T - T '2 2

 
 
  

 
  



           (38) 

 
So, a formula of the choice of mass of a charge, 

with respect to these conditions, have obtained, here 
the most important parameter is the mass of gases 
which can be determined by the power of the 
explosion needed, for example, blasting operations, 
according to the formula (34), into which is 
necessary to substitute the formula (24) 

 
m 2A = F * r = P *2 ρ2

                      (39), 

here F


 is an impact force  in Newtons, necessary 
for material destruction, r is the radius vector 
which is carried out from the beginning of 
coordinates to a point of application of force. 

Now we will transform the equation (39)  
 

 
ρ2m = A *2 P2

                          (40) 

 
Then we can transform a formula (38) 

 

P3 2* R * T +22 *μ ρρ 2 22m A * *1 P q - c * k * T - T '2 2 2

 
 
  
 
  

    (41) 

  
 Results and Discussions 
 
Let’s carry out the analysis of the obtained 

decision on the basis of pyroxylin. It is well known 
that pyroxylin is a product of the complete 
esterification of cellulose with nitric acid 
(trinitrocellulose). Pyroxylin is an explosive used in 
the manufacture of smokeless powder [22]. For this 
mathematical analysis it is necessary to know which 
gases and the solid residue, their quantity are 
formed as explosion derivatives, or burning, usually 
for different pyrotechnic formulations they are 
different and also have different volume in relation 
to unit of mass [14-16].  

For smokeless gunpowder the composition of 
gases has the following contents in relation to the 
total amount of gases: H2O – 16%, H2 – 20%, N2 – 
11%, CO – 37%, C2H4 – 1%, CO2 – 15%, with a 
density of 1.214 kg/m3 (under normal conditions) 
and with a molar weight of 23.6 kg/mol. The solid 
residue usually for pyroxylin is equal to from 0.1 to 
0.5% by weight of the charge [17-19]. The specific 
heat of combustion of pyroxylin q = 2,5 MJ/kg, the 
combustion temperature is T = 2500 K, temperature 
of NC (normal conditions, the environment) 
T’=293,16, and P2 = 101 kPa, R = 8.314 J/(kmol·K) 
– the universal gas constant [5, 9, 20-27]. 

 To check the estimated formula (20) it is 
necessary to set the charge weight m = 0,001êã1 , 

knowing other parameters it is possible to calculate 
V is the volume of gases, when burning gunpowder, 
for this purpose in a formula (20), density of gases 
is led to real conditions 

 
 

m -m 0,999*mT T1 3 1V = * = * =2 ρ T' ρ T'2 2
0,999*0,001 293,16 -5 3= * = 9,65*10 м1,214 2500

     (42) 

 
To compare the obtained results with literary 

data, it is necessary the volume of gases under real 
conditions of T = 2500 K, to lead to water freezing 
temperature Т=273.16 К 
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T 2500-4V' = V * = 1,1*10 * =2 2 T 273,160
-3 3= 0,883*10 м

       (43),  

 
that within 2.0% of an error of measurement is in 
the range of literary data [19]. 

The objective of this work is the calculation of 
the charge of pyrotechnic substances (pyroxylin), 
depending on the required force of the explosion, as 
well as the volume of the projectile. The formula 
(41) obtained in the research allows to calculate the 
required weight of the charge mi, depending on the 
work A of the thermodynamic system, or force from 
the explosion F


, at the chosen value of radius 

vector r , i.e. of the selected parameters of impact 
by explosion (the main direction of the explosion 
force, the distance). 

The analysis of a formula (41) can be carried out 
on a concrete example, by means of a function 
graph, fig.1, and  m = f F , r1

  , fig.2. 

In fig.1 dependence of mass of a charge of a 
pyroxylin on the work made by gases at expansion 
is obtained. The function graph is presented by 
direct proportionality, it allows to count rather 
precisely the mass of pyrotechnic formulation, 
excepting various kinds of accidents.  

 
 

 
Figure 1 – The dependence of the charge weight  

from the explosion force 
 
 
In the fig.2 the same dependence, but in three-

dimensional form is set, here serve as parameters 
force making work (explosion) and radius the vector 
having the direction to a point of application where 
a surface area is the work made by force of 
expansion of incandescent gases. Analysis of the 
formula (41) showed that during the explosion a 
major contribution to the destruction of objects 
makes the potential energy of gas, about 88%, and 
only 12% makes the kinetic energy of incandescent 
gases. Of course, when calculating force of 
explosion it needs to be considered. The energy 

introduced by solid residue, on cooling, is very 
small – about 0.05% and so it, in the calculations, 
may be neglected [28-32]. Unfortunately, in some 
references calculated formulas are obtained either 
for kinetic, or for a potential component of a 
calculated formula of explosion, that is the 
contribution made by both components of a 
calculated formula is underestimated. 

 
 

Figure 2-The dependence of weight of a charge from a 
force and radius vector 

 
 
Conclusions 
 
The physical and mathematical model of 

explosion or combustion of pyrotechnic 
composition on the basis of laws of conservation of 
momentum and energy is obtained. Calculation 
formulas were checked on a concrete example – 
pyroxylin and compared with data from reference 
books and the Internet. This model, or calculated 
formula of a method, is intended for use, at 
manufacture of pyrotechnic substances, and also 
when carrying out blasting on mineral deposits, etc. 
It was showed that in the course of explosion the 
main contribution to destruction of the chosen 
objects is made by a potential energy of gases 
(about 88%), and only 12% by a kinetic energy of 
incandescent gases, but when calculating force of 
explosion it needs to be considered. 
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Quality control test for 177Lu-DOTAELA

Abstract. This article provides a brief overview of 177Lu-DOTAELA (177Lu -1,4,7,10- tetra-
azacyclododecane-1,4,7,10- tetraacetic acid – 4-[[(1R)-2-[5-(2-fluoro-3-methoxyphenyl)-3-[[2-fluoro-
6-(trifluoromethyl)phenyl] methyl]-4-methyl-2,6 dioksopirimidin-1-yl]-1-phenylethyl] amino] butanoic 
acid) quality control based on practical experience. Over the past few years, radionuclide 177Lu has 
attracted considerable attention and demonstrated great perspectives in the scientific, commercial and 
clinical communities for application in various therapeutic procedures. Requirements for quality control of 
radiopharmaceuticals can be found in volume 3 of the State Pharmacopoeia of the Republic of Kazakhstan 
(SF RK) which is the main regulative document in our country, in the absence of specific monographs and 
articles in the national Pharmacopoeia it is allowed to use and refer to the Pharmacopoeia of other countries 
(USA, Japan, UK and Europe). The main requirements for radiopharmaceuticals: pH; radionuclide 
identification; radiochemical purity; residual solvents; chemical purity; sterility and bacterial endotoxins; 
checking the integrity of the filter membrane. It should also be noted that there are differences in the quality 
requirements of some monographs of radiopharmaceuticals in the Pharmacopoeia of different countries. 
Considering above, during development of the quality control procedure we have to use several regulatory 
sources. The solution to this problem can be the harmonization of Pharmacopoeia of the Member-States of 
the Eurasian Economic Union. The process of testing the methodology of quality control is time-consuming 
and includes many tasks, especially in the area of new radiopharmaceuticals development.
Key words: 177Lu-DOTAELA, radiopharmaceutical, test, quality control (QC), pharmacopoeia, nuclear 
medicine.

Introduction
 
The active substance of the radiopharmaceutical 

being developed for treatment of triple negative breast 
cancer is a complex of the radioactive isotope of lu-
tetium 177Lu and the non-peptide antagonist gonad-
otropin-releasing hormone (GnRH) elagolix (177Lu- 
DOTAELA). Receptors for triple negative breast 
cancer show expression of gonadotropin-releasing 
hormone (GnRH) in more than 50% of cases [1]. El-
agolix, marketed under the Orilissa brand, which is 
used to treat pain associated with endometriosis in 
women. It is also developed for treatment of hystero-
myoma and heavy menstrual bleeding in women.

The aim of this work is to highlight the process 
of developing the quality control procedure, using 
the example of the developed 177Lu-DOTAELA ra-
diopharmaceutical, which is intended for treatment 
of triple negative breast cancer.

 Materials and metods
 
Quality control 177Lu-DOTAELA
Quality control of radiopharmaceuticals is one of 

the most important production stages with the special 
requirements, established in volume 3 of the State Phar-
macopoeia of the Republic of Kazakhstan [2], including 
in the Pharmacopoeia of the USA [3], great Britain [4] 
and Europe [5]. The IAEA also published a draft docu-
ment entitled “Quality Control in the Production of Ra-
diopharmaceuticals” [6]. If we compare the monograph 
of the same drug in different countries, you can find 
some differences. The reason for the differences may 
be the use of different standards. There are tests listed 
in the BF, but not specified in the GF RK, for example 
the measurement of radioactivity or USP and BP do not 
require a test for integrity of the membrane filter.

Table 1 Quality control tests to be performed regular-
ly for the radiopharmaceutical 177Lu-DOTAELA (Fig.1).
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Table 1-Quality control analysis 177Lu-DOTAELA

Test Method Requirements

Identification
177 Lu-DOTAELA

HPLC
(SP RK I, vol. 1, 2.2.29)

The relative retention time of 177Lu-DOTAELA should differ by no 
more than 3 % from the retention time of the non-radioactive Lu-

DOTAELA complex.

Identification177Lu Gamma spectrometry The 177Lu gamma spectrum of the test solution should have 
characteristic lines with energies of 0.113 and 0.208 MeV

pH Potentiometry
(SP RK I, vol. 1, 2.2.3) from 4.5 to 8.5

Transparency SP RK I, v. 1, 2.2.1 Transparent compared to water P

Color SP RK I, v. 1, 2.2.2 The color of the drug should not be more intense than the color of 
the solution of comparison Y7

Mechanical inclusions SF RK I, v. 1, 2.9.20 Mechanical inclusions should be absent.
Sodium chloride Direct titration 8 to 10 mg

Radionuclide impurities Gamma spectrometry The content of gamma-emitting radionuclide impurities should not 
exceed a total of 0.1% of total radioactivity.

Radiochemical purity Chromatography on paper
(SP RK I, vol. 1, 2.9.26) Minimum 95%

Residual Solvents Gas chromatography
(SP RK I, vol. 1, 2.2.28) Ethanol content should be maximum 50 mg/V

Sterility Direct culture inoculation
(SP RK I, v. 2, 2.6.1) Sterile

Bacterial endotoxins Turbidimetric kinetic method
(SP RK I, v. 1, 2.6.14)

Should not exceed 175/V 
ME/ml
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Figure 1 – Structural formula of 177Lu-DOTAELA

Results and discussion

Visual analysis methods
If the Pharmacopoeia monographs for radiophar-

maceuticals do not specify the test methods, the tests 
such as transparency, chromaticity and mechanical 
inclusions are included and mandatory.

In the developed radiopharmaceutical 177Lu-
DOTAELA, there should be no mechanical im-

purities, and it should also be transparent and 
colorless. 

 Identity (radionuclidic and radiochemical)
In most cases, the radionuclide and radiochemi-

cal identification test is the same test as that for de-
termining the radionuclide and radiochemical purity. 
In turn, radionuclide identification can be confirmed 
either by obtaining the gamma spectrum or by mea-
suring the half-life of the product [7].



114 Quality control test for 177Lu-DOTAELA

Int. j. biol. chem. (Online)                                             International Journal of Biology and Chemistry 12, № 2, 112 (2019)

The half-life measurement can be performed by 
measuring the same test solution at 2 or more time 
points. The half-life is calculated using the half-life 
equation. The SP RK does not specify the time inter-
val between each measurement, but it should be long 
enough for half-life estimation.

In the SP RK, there are no guidelines for deter-
mining radiochemical identification, and according 
to BP, it can be determined by HPLC or planar chro-
matography. The planar chromatography method is 
easy to reproduce, and it is as accurate and reliable 
as HPLC. However, planar chromatography may re-
quire longer time. It should be noted that the results 
of planar chromatography may vary depending on 
different grades of plates, chromatographic paper. 
It is therefore important to use the same grade and 
freshly prepared mobile phase, if possible. In case 
when the number of theoretical plates changes with 
a new batch number (from the same grade), the Rf 
values shall be confirmed according to the validation 
process. 

Thus, for the tested preparation 177Lu- 
DOTAELA, the gamma spectrum of 177Lu of the 
test solution should have a characteristic line with 
the energy of 0.113 and 0.208 MeV, and the relative 
retention time of 177Lu-DOTAELA on the chromato-
gram, obtained by the HPLC method, should differ 
by maximum 3% from the retention time of the non-
radioactive Lu-DOTAELA complex. 

pH
The pH of the injection solutions should be as 

close to the physiological pH as possible. Some labo-
ratories use pH paper to determine the pH of the test-
ed solution, while others use pH meters. It should be 
noted that the pH indicator paper should be checked 
using the standard buffer solutions, showing the color 
change for each pH unit, and the pH value, measured 
with the pH paper, is approximate.

 Residual solvent
Determination of residual solvents is always 

based on the technological scheme of the drug prepa-
ration process. In case of 177Lu-DOTAELA at the pu-
rification stage, ethanol is used in the product elution 
and preconditioning of the Sep-Pak C18 cartridge. 
Typically, radiopharmaceutical monographs do not 
specify a method for determining the residual sol-
vents, although the description implies that gas chro-
matography should be used. The flame-ionization 
detector is used to determine the residual solvents. 
Analysis for residual solvents takes only few min-
utes and 4 minutes for measuring ethanol in 177Lu- 
DOTAELA. Many laboratories accept ethanol limits of 
0.05% or 5 mg/ml, as required by the Pharmacopoeia. 

 Radionuclidic purity
Radionuclide impurities can form during the 

production and decay of the radionuclide. Potential 
radionuclide impurities may be indicated in mono-
graphs, and their characteristics are given in General 
Section 5.7, Table of physical characteristics of ra-
dionuclides, mentioned in the European Pharmaco-
poeia.

In most cases, to establish the radionuclide purity 
of a radiopharmaceutical, it is necessary to determine 
the authenticity of each available radionuclide and its 
radioactivity. Typically, the most common method 
of evaluation of gamma and X-ray emitters radio-
nuclide purity is gamma-spectrometry. The content 
of gamma-emitting radionuclide impurities in 177Lu-
DOTAELA in total should not exceed 0.1% of total 
radioactivity. Due to the fact that the build-up of 177Lu 
is made by “direct” method, which is accompanied 
by formation of the long-lived isomer 177mLu(T1/2= 
160 days). In order to reduce the radiation load for 
the patient and reduce waste activity, the content of 
177mLu in the final product is limited. 

Sterility
Sterility should be tested by incubating the tested 

sample for 14 days at 25 and 37 °C. US FDA rec-
ommends the use of a temporary “window” for the 
analysis of radiopharmaceuticals for sterility, since 
greater activity in the hours after synthesis can lead 
to false results. In many cases, the 24-hour window 
may not be sufficient. Some enterprises send their 
samples to other microbiological laboratories for ste-
rility testing. The manufacturers shall establish their 
own protocols in this case.

Bacterial endotoxins
The most common technique for determining the 

bacterial endotoxins is gel thrombin method, which 
requires application of amoebocyte lysate (Limulus). 
When lysate is added to the solution containing bac-
terial endotoxins, turbidity, precipitation or gelation 
of the mixture occurs. The analysis usually takes 
from 25 to 60 minutes.

Spectrophotometric methods are also used to de-
termine the level of bacterial endotoxins. This meth-
od is based on changing the color of the substrate 
due to formation of an enzyme that results from the 
interaction of endotoxins and lysate. The proenzyme 
is activated by gram-negative bacterial endotoxins in 
the lysate, and the concentration of bacterial endo-
toxins affects the duration of this activation reaction. 
The cleavage of substrates is activated by a proen-
zyme, which acts as an enzyme. As a result, there is 
a change in color of the substrate, which is detected 
by the spectrophotometric method. The time taken 
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before the appearance of color change is inversely 
proportional to the concentration of endotoxin. The 
endotoxin concentration can be determined by ex-
trapolating the sample reaction time to a standard 
curve based on the standards containing the known 
concentrations of endotoxin [8, 9].

The appearance of turbidity by the method of gel-
thrombus in the sample can also be the indicator of 
endotoxins concentration, which is using spectropho-
tometry. The time of turbidity appearance is inversely 
proportional to the concentration of endotoxins. The 
value of endotoxin can be determined by extrapo-
lating the reaction time of the sample to a standard 
curve constructed using the standards with the known 
endotoxin concentrations [10]. The appearance of 
turbidity may be influenced by the presence of poly-
saccharides such as beta-glucans. Currently, proper 
methods are being developed to reduce such impacts 
[11].

Conclusion
 
Recently, there has been a great interest in 

development of new radiopharmaceuticals for 
diagnosis and therapy. Availability of new radio-
pharmaceuticals and the regulatory framework for 
application and approval of new medicines creates 
a new vector for development of nuclear medicine. 
Synthesis, quality control and production regula-
tion of radiopharmaceuticals such as 18F-FDG, 
177Lu-DOTATATE can become the models in de-
velopment of new radiopharmaceuticals. Volume 
3 of the State Pharmacopoeia of Kazakhstan con-
tains some monographs of radiopharmaceuticals, 
which indicates a positive trend of harmonization 
with the European Pharmacopoeia. This article 
provides a brief overview of the quality control of 
177Lu-DOTAELA and for those interested in the de-
velopment of radiopharmaceuticals. However, this 
article provides only an overview. The interested 
readers are encouraged to search for more infor-
mation.
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Species of uranium of the Kamyshanovskoe deposit  
(Kyrgyzstan)

Abstract: On the territory of Southern Kazakhstan and its adjacent territory of Kyrgyzstan, there is a unique 
world-wide Betpakdala-Shu-Ili Province, where up to 15% of the world uranium reserves are concentrated. 
Technological work on the extraction and processing of uranium ores in these deposits began in the middle 
of the last century, while until the mid-80s mining was carried out by mining in mines and open pits, and 
from the mid-80s the method of sulfuric acid leaching was used. 
Object of this investigation is Kamyshanovskoe uranium deposit, which is located on the territory 
of Republic of Kyrgyzstan (about 22 km of its capital – Bishkek city). The natural gamma-emitted 
radionuclides were determined by gamma-spectrometry measurements (“Ortec” HPGe detector) in a core 
sample collected from the Kamyshanovskoe uranium peat deposit (0-37 cm depth). The results show U 
isotopes concentration peak at 12 cm, while the concentrations of its progenies are roughly constant down 
the profile. Thermo-gravimetry analysis (NETZSCH STA 449 F3A–0372–M) showed, the main part of 
potentially mobile phases (organic matter, clay and carbonates) was located at the surface. 
Solid speciation of uranium has been examined in peat samples collected at the Kamyshanovskoe deposit 
using sequential extraction. Sequential extraction was carried out using the protocol employed by A.Tessier 
and et al. In all filtrates natural uranium isotopes were measured by a high resolution alpha-spectrometer 
(“Alpha-analyst”, Canberra) after appropriate radiochemical preparation, consisting of extraction by 
30% tributyl phosphate in toluene and electrodeposition on a steel disk with a mixture of 25% solution 
of ammonium chloride and saturated solution of ammonium acetate as electrolyte solution. Sequential 
extraction of peat samples clearly showed that most of uranium is in reversibly bound fractions obtained 
by treatment with ammonium acetate, hydroxylamine with hydrochloric acid and distilled water, indicating 
high mobilization potential of uranium in this peat.
Key word: uranium isotopes, peat, Kamyshanovskoe deposit, species of uranium isotopes, sequential 
extraction, thermo-gravimetry analysis

Introduction

The territories of Southern Kazakhstan and ad-
jacent territory of Kyrgyzstan are known as unique 
uranium provinces. Different sources of uranium 
are concentrated here. Uranium-238 and it’s decay 
products, due to potential toxicity, became important 
theme in environmental investigations [1].

Nowadays the determination of total content of 
radionuclides became less informative in comparison 
with data of chemical compounds, which radionu-
clides are involved in; as hazard of radionuclides de-
pend on their bioavailability and eco-toxicity, which 
are in strong depend from their chemical forms, or 

speciation [2]. It is possible to name several interac-
tions, controlling mobilization of uranium in solution. 
Among them are dissolution, complex formation, and 
desorption-sorption at the water-rock interface [3-4].

This paper focuses primarily on determination of 
species of uranium isotopes of the Kamyshanovskoe 
deposit. In this study, solid speciation of uranium has 
been examined in peat samples collected at the Ka-
myshanovskoe deposit using sequential extraction. 
Sequential extraction was carried out using the pro-
tocol employed by A.Tessier and et al. (1979). The 
obtained data will give basis for prediction of behav-
iour of uranium isotopes in environment depending 
on changing conditions.
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Materials and methods

2.1 Object description
On the territory of Southern Kazakhstan and its 

adjacent territory of Kyrgyzstan, there is a unique 
world-wide Betpakdala-Shu-Ili Province, where up 
to 15% of the world uranium reserves are concen-
trated. Technological work on the extraction and pro-
cessing of uranium ores in these deposits began in 

the middle of the last century, while until the mid-80s 
mining was carried out by mining in mines and open 
pits, and from the mid-80s the method of sulfuric 
acid leaching was used.

Object of this investigation is Kamyshanovskoe 
uranium deposit. This uranium peat deposit is located 
on the territory of Republic of Kyrgyzstan and about 
22 km of its capital – Bishkek city. Figure 1 presents 
the map of the investigated area.

Figure 1 – Location of the Kamyshanovskoe uranium deposit.

The deposit was formed as a result of ground and 
surface water filtration though peat-bearing materials 
of Kendyktas mountains following uranium sorption 
onto organic-rich minerals. The area (1.5 km2) of Ka-
myshanovskoe deposit is flat and covered by canes. 

The adjacent territory is strong applied by ag-
riculture. Agricultural techniques can be additional 
reason of uranium release to solution [5]. One of the 
biggest rivers of the region, Shu river, is located close 
to deposit. Hence, uranium isotopes and decay prod-
ucts can migrate on long distances.

2.2 Sampling and sample pre-treatment
The core was collected by manually driving poly-

vinylchloride (PVC) tubes, with diameter of 10 cm, 
into the peat. The core was promptly transferred to 
the laboratory. Then, the core was sectioned at 1 cm 
intervals. The slices were dried at ambient tempera-
ture, sieved through 1 mm sieve and homogenized. 

2.3 Gamma-ray spectrometry 
Gamma-ray spectrometry was done for investiga-

tion of uranium-series radionuclides, such as U-238 
(measured via 234Th), Ra-226, Pb-210. The slices were 
sealed to obtain equilibrium of 226Ra with it’s proge-

nies to determine their activities by gamma spectrom-
etry. The gamma spectrometric measurements were 
done by an “Ortec” HPGe detector and the spectra 
were analysed by “GammaVision-32” programme. 

2.4 Thermo-gravimetry analysis
The thermo-gravimetry analysis was done for de-

termination of content of moisture, organic matter, wa-
ter in clay materials, carbonate dioxide of carbonates. 
The determination was done by NETZSCH STA 449 
F3A–0372–M and analysed by NETZSCH Proteus 
programm. The determination is based on destruction 
of main soil components under different temperatures 
and measuring of mass changing (Table  1) [6]. 

Table 1 – The temperatures of thermo-gravimetry analysis

Step Temperature Component
1 105 moisture
2 350 organic matter
3 600 water of clay materials
4 850 carbon dioxide of carbonates
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2.5 Sequential extraction
Uranium speciation in soils was determined by 

sequential extractions [7]. The analytical procedure 

is used for the sequential chemical extractions parti-
tioning uranium into seven fractions is presented in 
Table 2. 

Table 2 – The reactants and conditions of sequential extractions

Step Soil fractions Corresponding minerals Used reactant Procedure

1. Water soluble - MilliQ-water Shaken for 2 h; centrifuged at 5000 rpm 
for 30 min

2. Exchangeable - 1M NH4Ac (pH 8.2) Shaken for 2 h; centrifuged at 5000 rpm 
for 30 min

3. Bound to carbonates Carbonates (calcite, etc.) 1M NH4Ac (pH 5.0) Shaken for 2 h; centrifuged at 5000 rpm 
for 30 min

4. Bound to Fe-/Mn-oxides
Oxides of iron and 

manganese (goethite, 
hematite, perrolusite)

0.04M NH2OH.HCl in 
25% (v/v) HOAc

85 0C; shaken for 5 h; centrifuged at 
5000 rpm for 30 min

5. Bound to organic matter Organic substances 
(humus, etc.)

0.02 M HNO3 and 30% 
H2O2

85 0C; pH 2 shaken for 5 h; centrifuged at 
5000 rpm for 30 min

6. Strongly bound Clay minerals (chlorite, 
kaolinite, etc.) 7 M HNO3

85 0C; pH 2 shaken for 6h; centrifuged at 
5000 rpm for 30 min

7. Residual Terrigenous minerals 
(quartz, spar, mica) HF-HClO4 Decompose

The procedure was done with samples of 1.0-
1.5 g of initial weight and after each extraction step, 
samples were centrifuged for 25 minutes at 5000 rpm 
and supernatants were filtered (0.45 µm). The ratio of 
solid:liquid was 1:20.

2.6 Alpha-particle spectrometry
In all filtrates natural uranium isotopes were 

measured by a high resolution alpha-spectrometer 
(“Alpha-analyst”, Canberra) after appropriate radio-
chemical preparation, consisting of co-precipitation 
of radionuclides with iron hydroxide, extraction by 

30% tributyl phosphate (TBP) in toluene and electro-
deposition on a steel disk with a mixture of 25% solu-
tion of NH4Cl and saturated solution of (NH4)2C2O4 
as electrolyte solution [8]. 

Results and discussion

3.1 Concentrations of gamma-emitting 
radionuclides

The concentration of profiles of 238U, 226Ra, 228Ra, 
228Th, 210Pb and 40K are shown in Figure 2. 

Figure 2 – The uranium series radionuclide`s specific activity profiles (Bq kg-1, dry weight) in peat core.
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Concentrations of 226Ra and 210Pb are roughly 
constant with two small peaks found at 3 cm and 
27 cm. By contrast, the 238U profile showed a 
rather constant value down to about 8 cm and 
then a considerable increase with a maximum 
at 12 cm. This suggests that uranium migrated 

down the core with surface waters and accumu-
lated in the depth where the maximum was ob-
served.

3.2 Results of thermo-gravimetry analysis
Thermograms of selected core slice samples are 

presented at the Figure 3.

(0-1 сm) (8-9 сm)

(10-11 сm) (12-13 сm)

(20-21 сm) (27-28 сm)

Figure 3 – The thermo-gravimetry analysis of core profiles
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The results of thermo-gravimetry analysis showed 
the decreasing of organic matter down the investigated 
profiles with maximum amount of organic matter (20.2 

mg/g) at the surface (0-1 cm depth). At the depth 8-12 
cm, 19-20 and 27-28 cm the concentration of organic 
matter is 14, 11.8 and 3.1 mg/g, respectively (Table 2).

Table 2 – The results of thermo-gravimetry analysis of the core.

Depth,
(сm) Moisture, (%)

Organic matter, Clay,
(%)

Carbonates,
(%)

Total loss of 
mass, (%)(%) mg/g

0-1 3.84 4.5 20.21 5.99 5.15 19.47

8-9 12.68 2.94 13.06 4.56 2.06 22.24

10-11 3.3 3.27 14.6 5.36 0.52 12.45

12-13 3.53 3.18 14.16 4.63 1.3 12.64

20-21 2.87 2.66 11.8 3.64 1.23 9.68

27-28 2.09 0.77 3.13 1.67 0.38 4.13

According to results of thermo-gravimetry analy-
sis, the main part of potentially mobile phases (or-
ganic matter, clay and carbonates) are located at the 
surface.

Radionuclides bound to solid samples (soil, peat 
materials, rock and other) can be desorbed to the 
liquid phase by changes in soil рН, temperature or 
oxidation-reduction potential, as well as by the de-
composition of soil organic matter, leaching pro-
cesses, etc. Moreover, the biological availability of 
metals also depends on the genesis (i.e., source spe-

cific characteristics) of the fallout or contamination 
involved. 

3.3 Uranium speciation
The sequential extraction results obtained for the 

Kamyshanovskoe peat deposit, given in Figure 4, 
clearly show that most of uranium is in the reversibly 
bound fractions (in form of carbonates, bound with 
oxides of iron and manganese and organic fraction), 
obtained by treatment with NH4Ac, NH2OH.HCl and 
H2O2, indicating high mobilization potential of ura-
nium in this peat. 

Figure 4 – The partitioning of uranium in soils from  
Kamyshanovskoe deposit upon sequential extraction analysis
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Conclusion

The obtained results of analysing of peat core 
from the Kamyshanovskoe uranium deposit show a 
significant variation of uranium series concentrations 
with depth. The concentrations of main elements are 
higher than mainly for this region. The uranium con-
centration in the peat is an order of magnitude higher 
than the corresponding values of its progenies (226Ra, 
210Pb). The highest concentration of 238U was ob-
tained at the at the depth of 12 cm. 

Thermo-gravimetry analysis showed, that the 
main part of potentially mobile phases (organic mat-
ter, clay and carbonates) were located at the surface.

Data on the solid partitioning of uranium in peat 
from the Kamyshanovskoe deposit reveal that about 
90 % of uranium was found in potentially mobile 
forms, indicating potential mobility and availability 
for plant and other organism uptake.
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Chemical composition of hexane and chloroform extracts  
from Artemisia scopaeformis 

Abstract: Research in the field of medicinal products, especially medicinal plants, has been constantly 
expanding recently. However, to date, health research has not been widely disseminated. This article focus 
on the analysis of hexane and chloroform extracts of Artemisia scopaeformis by Gas Chromatography 
and Mass Spectroscopy (GC-MS) technique. Detailed chemical constituents of A. scopaeformis collected 
in Kazakhstan were investigated for the first time. The quantitative and qualitative analysis of bioactive 
constituents of the medicinal plant have been made. A. scopaeformis hexane extract contained 4 
compounds: methyleugenol (33.87%), hexadecanoic acid, ethyl ester (41.02%), butyl 4,7,10,13,16,19-do
cosahexaenoate (11.55%), hexasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11-dodecamethyl- (13.56%). The 
chloroform extract of A. scopaeformis contained 5 compounds: fluorene, 2,7-bis(1-hydroxyethyl)- 
(24.28%), p-dimethylaminobenzylidene p-anisidine (14.59%), 3-acetoxy-5-methyl-2-nitro- terephthalic 
acid, 4-isopropyl ester 1-methyl ester (11.74%), 3,4-diacetyl-2-methyl-4H-thieno [3,2-b] pyrrole-5-
carboxylic acid, methyl ester (17.35%), 4H-1,2,4-triazole-3-thiol, 4-(2-fluorophenyl)-5-(1-methylethyl) 
– (32.04%). The resulting compounds have significant biological properties: antimicrobial, antioxidant, 
anti-inflammatory. 
Key words: Artemisia scopaeformis, GC-MS, hexane, chloroform, bioactive constituents, extract.

Introduction 

Currently, there is a tendency in the world to in-
crease interest in consuming a wide range of phyto-
chemicals based on environmentally friendly plant 
materials. In recent decades, there has been an in-
crease in their use not only in the countries of Asia 
and Africa, where they have been traditionally used 
for many centuries, but also in Europe, the USA 
and other countries of the world community. At the 
same time, not only medicinal plants and fees, but 
also various galenical and newgalenic preparations, 
individual biologically active compounds isolated 
from plants are used as herbal medicines [1]. A re-
port from the World Health Organization disclosed 
that almost 80% of the world’s population relies on 
nonconventional drug-treatment, particularly of herb, 
in their primary healthcare [2]. However, despite sig-
nificant progress is being made in the disclosure of 
the chemical composition and bioactivities of herbal 
medicines, their exact biological functions and regu-
lation mechanisms largely remain to be clarified. 
Medicinal plants with the ancient history of human 

use have been considered one of the important and 
reliable sources to discover promising therapeutic 
agents in a number of cases, including cancer chemo-
preventive drugs [3-5]. 

The Asteraceae family includes over 24,000 spe-
cies, combined in about 1,200 genera. 224 genera and 
more than 3,500 species grow in the CIS, more than 
140 genera and about 790 species of the family are 
found in the flora of Kazakhstan. The rich chemical 
composition of the family determines their use as in-
secticidal and medicinal sources. The genus Artemis-
ia unites over 500 species, distributed mainly in the 
temperate zone of the northern hemisphere. Worm-
wood species are most often found in the steppes, 
others grow in semi-deserts and deserts [6-8]. It is 
known that the pharmacological properties of plants 
of the genus Artemisia are associated with the con-
tent of essential oils, terpenoids, flavonoids, couma-
rins, caffeoylquinic acids and sesquiterpene lactones 
in them. At the same time, of particular interest are 
phenolic compounds, in particular flavоnoids with a 
wide spectrum of biological activity [9, 10]. In practi-
cal medicine, Artemisia species are often used to treat 
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diseases of the gastrointestinal tract, as a choleretic, 
laxative, diuretic, anti-inflammatory, wound healing 
[11]. In traditional medicine – as an anti-cancer, anti-
inflammatory, wound healing, sedative, choleretic, 
metabolic regulating, diaphoretic, detoxification, 
bacteriological and fungistatic, antiviral, protisto-
cidal, anthelmintic; with pulmonary tuberculosis and 
lymph nodes [12]. Currently, sesquiterpene lactones 
are considered as a promising source of new drugs 
due to the possibility of easy cultivation of these 
plants and a high content of lactones in a number of 
plant species. According to their physicochemical 
properties, mono – and sesquiterpenes belong to the 
group of essential oils that have been studied in more 
detail by the example of A. princeps. Unfortunately, 
to date, drugs based on sesquiterpene lactones pro-
duced by pharmaceuticals are insignificant. Some in-
teresting sesquiterpenes lactones including effective 
antimalarial principle – artemisinin were identified in 
dichloromethane, chloroform and methanol extracts 
of perennial herb A. herba alba. Artemisia annua L. 
is the main raw material for artemisinin. Medicines 
based on artemisinin and its derivatives are widely 
used as new treatments for malaria – a disease that 
takes at least a million lives annually. It is also impor-
tant that artemisinin and related compounds showed 
cytotoxic activity, which allows them to be used in 
anti-cancer therapy. In addition to artemisinin, A. 
annua is appreciated for the essential oil, which 
is used in perfumes and cosmetics. The antibacte-
rial effect of essential oils is due to the presence 
of oxygen-containing compounds (camphor, vari-
ous acids). Essential oil contains a large number of 
components of biological value, such as artemisia 
ketone, 1,8-cineole, borneol, etc. [13]. One of the 
promising types for use in medical practice is Pon-
tian wormwood (Artemisia pontica L.), the essential 
oil of which has a pronounced anti- inflammatory, 
wound healing, analgesic effect. Total complexes 
from A.absinthium have an antitoxic effect (in case 
of mercuric chloride poisoning); exhibit antibacte-
rial, antifungal, antiviral and protistocidal activity. 
All of the above types of wormwood, being essen-
tial oil crops, find their application in various ar-
eas of human activity, and most often in cooking, 
the production of alcoholic and soft drinks, medical 
supplies and dosage forms. In this regard, worm-
wood is without exaggeration one of the most stud-
ied medicinal plants. [14]. 

Based on the foregoing, a research of the chemi-
cal composition of representatives of the genus Arte-
misia, growing in Kazakhstan, seems to be an urgent 
task.

Artemisia scopaeformis is an endemic plant that 
grows in the desert zone on clay and sandy soils, along 
the margins of meadow. In Kazakhstan, it grows in 
the Chu-Ili Mountains and Karatau [15]. In our study, 
constituents in the hexane and chloroform parts of the 
medicinal plant Artemisia scopaeformis, which were 
grown in the Almaty region of Kazakhstan, were first 
identified by GC-MS. Over the past 15–20 years in 
the field of pharmacognosy, qualitative changes have 
occurred in the technical capabilities of studying the 
chemical composition of medicinal plants and herbal 
remedies. This was facilitated by the enrichment of 
this science with modern spectral and other physico-
chemical methods. GC–MS method can provide ac-
curate results. It gives a high degree of specificity, 
good sensitivity and permits the simultaneous deter-
mination of a wide range of compounds from phe-
nolic compounds to terpenes in complex matrices. 
It provides complementary data to LC-MS analysis 
comprising small polar chemicals such as organic 
acids, sugars, amino acids, sugar alcohols and many 
more. GC-MS results can also be recommended for 
rapid screening of the chemical composition of the 
main groups of biologically active substances of 
plant materials used in the development and creation 
of new herbal medicines [16].

Materials and methods 

Plant material. The aerial part of Artemisia sco-
paeformis was collected in Almaty region of Ka-
zakhstan, in 2018. The air dried aerial parts of plant 
A. scopaeformis were cut into small pieces and pre-
served at room temperature. 

Extraction and isolation. The air-dried aerial 
parts of A. scopaeformis (100 g) were pulverised then 
extracted with 70% ethyl alcohol (1:1) three times 
(seven days each time) at room temperature. After 
evaporation of the solvent under reduced pressure, 
the residues were mixed and suspended in water and 
then successively partitioned with hexane and chlo-
roform to afford the corresponding extracts. The ob-
tained hexane and chloroform extracts were analyzed 
by GC-MS method. 

Experimental part. The constituents from hexane 
and chloroform extracts of the medicinal plant were 
analyzed by using GC-MS method. GC-MS analy-
sis was performed on Agilent 7890A-5975C GC-MS 
(Gas Chromatograph coupled to Mass Spectrometer) 
with a HP-5MS fused silica capillary column (30m x 
2.5mm; 0.25 μm film thickness). Hеlium (99.999%) 
was used as a cаrrier gas, the column temperature 
was flashed from 50°C ( held for 10min) to 300°C 
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at 10°C/min. The latter temperature maintained for 
40  min. The injector temperature was 310°C. Injec-
tion volume was 1µlwith the split ratio 5:1. Mass 
spectra: electron impact (EI+) mode, 70 eV. Mass 
spectra were recorded over scan range 30-1000 a.m.u.

Identification of the compounds: Interpretation 
on mass spectrum GC-MS was carried out using the 
database of National Institute Standard and Technol-
ogy (NIST) having more than 62,000 patterns. The 
spectrum of the unknown component was compared 
with the spectrum of the known components existed 
in the NIST library. The Name, Molecular weight 
and Structure of the components of the test materi-
als were ascertained. Percentage composition was 
computed from GC peak areas on HP-5MS column 
without applying correction factors.

Results and discussion

The constituents of hexane and chloroform ex-
tracts from the aerial parts of A. scopaeformis were 

analyzed by GC-MS. GC-MS technology is recog-
nized as the “gold standard” in identifying chemicals 
in simple and complex mixtures. Besides, the tech-
nology is able to recognize substances at a trace level 
that is unattainable with other technologies. This 
method allows to selectively and with high sensitiv-
ity to determine various types of compounds.

GC-MS chromatоgrаm of the hexаne extract 
from aerial part of Artemisia scopaeformis (Fig.1) 
clearly shows 4 peaks indicating the presence of 4 
phytochemical compounds. The identification of the 
resulting phytochemical compounds was based on 
the peak area, retention time and molecular formula. 
The active substances with their retention time, mo-
lecular formula, molecular weight and concentra-
tion (%) are presented in Table 1 and Fig 1. Analysis 
of the chloroform extract from A. scopaeformis re-
vealed 5 compounds in the studied samples (Fig.2). 
Detailed data of compounds are shown in Table 2. 
Their relative contents were determined by area 
normalization. 
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Figure 1 – GC-MS Chromatogram of hexane extract of Artemisia scopaeformis plant.



125A.K. Bopi et al.

Int. j. biol. chem. (Online)                                             International Journal of Biology and Chemistry 12, № 2, 122 (2019)

Table 1 – Constituents identified in hexane extract of Artemisia scopaeformis.

Peak 
No Constituents tR

(min)
Molecular 
Formula Structure MW Content (%)

1 Methyleugenol 10.75 C11H14O2

O

O
178 33.87

2 Butyl 
4,7,10,13,16,19-docosahexaenoate 12.857 C26H40O2

O

O 384 11.55

3 Hexadecanoic acid, ethyl ester 17.198 C18H36O2
O

O
284 41.02

4
Hexasiloxane, 

1,1,3,3,5,5,7,7,9,9,11,11-dodeca-
methyl-

29.55 C12H38O5Si6

OSi
Si

OH
Si

O

Si O
Si

O
H
Si 430 13.56
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Figure 2 – GC-MS Chromatogram of chloroform extract of Artemisia scopaeformis plant
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Table 2 – Constituents identified in chloroform extract of Artemisia scopaeformis.

Peak 
No

Constituents tR (min) Molecular 
Formula Structure MW Content (%)

1 Fluorene, 2,7-bis(1-hydroxyethyl)- 19.661 C17H20O2 HO

OH

254 24.28

2 p-Dimethylaminobenzylidene 
p-anisidine 20.128 C16H18N2O

N

N

O CH3

H3C

CH3

254 14.59

3
3-Acetoxy-5-methyl-2-nitro-

terephthalic acid, 4-isopropyl ester 
1-methyl ester

22.193 C15H17NO8

H3C

NO2

COOCH3

H3COCO

C3H7OOC 339 11.74

4
3,4-Diacetyl-2-methyl-4H-

thieno[3,2-b]pyrrole-5-carboxylic acid, 
methyl ester

22.295 C13H13NSO4

S

N

OCH3

O

COCH3

H3COC

CH3

279 17.35

5 4H-1,2,4-Triazole-3-thiol, 
4-(2-fluorophenyl)-5-(1-methylethyl)- 22.55 С10Н14N3SF N

N

N

SH

H

F

237 32.04

The GC-MS analysis of hexane extract revealed 
the presence of 4 compounds: methyleugenol 
(33.87%), hexadecanoic acid, ethyl ester (41.02%), 
butyl 4,7,10,13,16,19-docosahexaenoate (11.55%), 
hexasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11-dodeca-
methyl- (13.56%), main contents of them were meth-
yleugenol and hexadecanoic acid, ethyl ester. The 
principal chemical constituents of chloroform ex-
tract were found to be fluorene, 2,7-bis(1-hydroxy-
ethyl)- (24.28%), p-dimethylaminobenzylidene 
p-anisidine(14.59%), 3-acetoxy-5-methyl-2-nitro-
terephthalic acid, 4-isopropyl ester 1-methyl ester 
(11.74%), 3,4-diacetyl-2-methyl-4H-thieno[3,2-b]
pyrrole-5-carboxylic acid, methyl ester (17.35%), 
4H-1,2,4-triazole-3-thiol, 4-(2-fluorophenyl)-5-(1-
methylethyl)- (32.04%). Almost one third (34.13%) 
of the extract consists of the substance 4H-1,2,4-
triazole-3-thiol, 4-(2-fluorophenyl)-5-(1-methyle-
thyl)-. 

Identified compounds have been found to possess 
a wide range of biological activities. Their various 
activities are also mentioned in Table 3. These prop-
erties determine the use of the plant for antimicrobi-
al, antioxidant, anti-inflammatory and pesticidal and 

other activities. The major component of hexane ex-
tract from A. scopaeformis, namely the hexadecanoic 
acid, ethyl ester (41.02%), have been reported to have 
antioxidant, hypocholesterolemic, nematicide, anti-
fungal, hemolytic, flavor, pesticide, lubricant activi-
ties [17]. Hexadecanoic acid, ethyl ester is also found 
in plant extracts from Artemisia austro-yunnanensis, 
Artemisia frigide Willd Carbonisatus [18]. The other 
compound, methyleugenol (33.87%) is an aromatic 
terpene, which is a colorless oily liquid with a faint 
pleasant odor. This substance is an integral part of 
many essential oils, such as: citronella, laurel, pink, 
pine and fennel oils. Citronella oil, unlike most other 
essential oils, has a rather limited list of beneficial 
properties. Moreover, its main advantage is the abil-
ity to scare away all kinds of insects. Many studies 
show that the oil has quite good antifungal properties. 
Methyleugenol refers to insect-attracting substances. 
A mixture of methyleugenol with parathion and py-
rolane are effective in controlling insects. It is also 
used as a flavouring agent in jellies, baked goods, 
soft drinks, chewing gum, sweets, puddings, condi-
ments and ice cream. In addition methyleugenol is 
also being applied as a fragrance ingredient in per-
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fumes (0.3–0.8%), creams and lotions (0.01–0.05%), 
toiletries and detergents (0.02–0.2%). The presence 
of methyleugenol in the plants of Artemisia dracun-
culus L., A. scoparia, A. capillaris was also detected. 
[19]. Methyleugenol is reported as relaxant, antispas-
modic, anesthetic, antinociceptive active principal 
and can be used as insecticide [20]. Hexasiloxane, 
1,1,3,3,5,5,7,7,9,9,11,11-dodecamethyl- (13.56%) 
is a plasticizer compound, it may be act as an an-
timicrobial, antiseptic, antifouling drug, hair con-
ditioning agent, skin- conditioning agent-emollient 
and solvent, whereas p-dimethylaminobenzylidene 
p-anisidine (14.59%) can be represented as an anti-
histaminic, analgesic drug [21]. Several studies have 
attributed the antidiabetic, anti asthma and antican-
cer activities to butyl 4,7,10,13,16,19-docosahexae-
noate (11.55%) shows [22]. It should be noted that 
4H-1,2,4-triazole-3-thiol, 4-(2-fluorophenyl)-5-(1-
methylethyl)- (32.04%) has antitubercular properties. 
Its antimicrobial and antioxidant activities have also 

been demonstrated. Antioxidants have the ability to 
stabilize free radicals, which leads to cytoprotection 
from the harmful effects of free radicals. Antioxi-
dants have the ability to stabilize free radicals, which 
leads to cytoprotection from the harmful effects of 
free radicals [23]. 

Thus, as a result of a qualitative analysis of the 
aerial parts of the plant A. scopaeformis, the presence 
of the main biologically active substances, which de-
termine the pharmacological effect and nutritional 
value of the studied plant, was established. It is obvi-
ous that the plant contains complexes of antioxidant, 
antifungal, antimicrobial, and also anti-inflammatory 
effects. Nowadays, the anti-inflammatory properties 
of medicinal plants and preparations from them are 
not widely used, differing, perhaps, with a slightly 
less pronounced effect, but with better tolerance and 
less toxicity. In this regard, the search for new ef-
fective anti-inflammatory herbal preparations is rel-
evant.

Table 3 – Reported activities of the identified bioactive compounds from A. scopaeformis

№ Compound Activity References
1 Butyl 4,7,10,13,16,19-docosahexaenoate Antidiabetic, anti asthma, anticancer, anti heart disease [22]

2 4H-1,2,4-Triazole-3-thiol, 
4-(2-fluorophenyl)-5-(1-methylethyl)- Antioxidant, antitubercular and antimicrobial [23]

3 Methyleugenol Relaxant, antispasmodic, anesthetic, flavouring agent, insecticide, 
shows antinociceptive effect [24, 25]

4 Hexadecanoic acid, ethyl ester 

Antifungal, antioxidant, aypocholesterolemic nematicide, 
aesticide, antiandrogenic flavour, hemolytic, 5-Alpha reductase 

inhibitor, potent antimicrobial activity 
Antimicrobial, antiseptic, hair conditioning agent, skin-

conditioning agent-emollient, solvent

[26]

5 Hexasiloxane, 
1,1,3,3,5,5,7,7,9,9,11,11-dodecamethyl-

Antimicrobial, antiseptic, hair conditioning agent, skin-
conditioning agent-emollient, solvent [27]

6 p-Dimethylaminobenzylidene p-anisidine Analgesic, anti-inflammatory activity [28]

Conclusion
 
Thus, using GC-MS, the chemical composition 

of the plant Artemisia Scopaeformis, growing in 
the Almaty region of Kazakhstan, was first studied. 
Among this study, there are 4 compounds were iden-
tified from hexane extract of A. scopaeformis. From 
chloroform extract of A. scopaeformis, 5 compounds 
were separated. GC-MS analysis is the first step in 
identifying and understanding the nature of medici-
nal plants. Isolation of a individual phytochemical 
constituent and further study of its biological activity 
will definitely yield fruitful results. It could be con-

cluded that A. scopaeformis contains various bioac-
tive compounds. Though, further studies аre needed 
to determine its bioаctivity and toxicity prоfile.
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Chamotte clay sorbent for the extraction of lead and  
cadmium ions from aqueous solutions

Abstract: Nowadays the problem of wastewater pollution by heavy metal (HM) ions is extremely urgent. 
HM are harmful for health and environment, they are not biodegradable and can accumulate in plants and 
body. Clay minerals are known for their high adsorption capacity towards heavy metal ions. There are 
many research studies on appliance of different types of clays for wastewater treatment. Chamotte clay is 
a white heat-treated kaolin clay with stone properties, resistant to aggressive media, which contains highly 
dispersed hydroaluminosilicates. The clay does not require additional purification after secondary use. It is 
used in industry in large quantities, though wastes of clay are needed to be utilized. In current work chamotte 
clay wastes are offered to be used as a sorbent for lead (II) and cadmium (II) ions extraction. The choice of 
the ions is based on the high toxicity and abundance of these metals in wastewaters. Polivynylpyrrolidone 
(PVP) was used as a modifier to increase adsorption capacity of the clay. The extraction degree of ions by 
initial chamotte clay reaches (97 ± 7.2) % and (67 ± 6.0) % for Pb2+ and Cd2+ respectively. The modification 
with PVP increases the extraction degree of Cd2+ to (86.0 ± 6.4) %. The initial and modified clay was 
characterized by scanning electron microscopy, energy dispersive spectroscopy and Fourier transform 
infrared spectroscopy methods. The adsorption process was carried out under static conditions at pH = 6 
and T = 298 K, initial concentration of the metal ions was 10 mg/l. The optimal mass for the sorption of 
lead and cadmium ions was also determined during the study and is equal to1 g per 100 cm3 of solution. The 
use of chamotte clay as the basis for the development of sorbents helps reducing the cost of cleaning water 
bodies, and also allows solving the problem of wastes disposal.
Key words: adsorption, chamotte clay, polyvinylpyrrolidone, heavy metal ions, wastewater treatment

Introduction

Large industrial production is characterized by 
the formation of effluents containing heavy metal 
ions (HM). Heavy metals are natural components 
of the earth’s crust. They cannot be degraded or de-
stroyed [1-3]. However, due to large emissions as 
a result of industrialization and urbanization, HMs 
pose a great threat. Unlike organic pollutants that are 
capable of biodegradation, heavy metals do not de-
compose into harmless end products and have global 
consequences for both the human body and the envi-
ronment [4]. According to studies [5, 6], some TM 
ions are nutrients for the physiological functions of 
humans in small doses, but in large quantities they 
have a negative effect on health.

Many methods are known to reduce the concen-
tration of pollutants or to completely purify water 
from heavy metal ions (HM), but many of them are 

expensive. One of the most effective and low-cost 
methods for the neutralization of HM ions is sorption 
[7]. The sorption method makes it possible to purify 
water from HM ions with high efficiency, approxi-
mating the concentration of contaminants to maxi-
mum acceptable concentration (MAC) and general 
sanitary standards.

There is a shortage of clean drinking water exist-
ing in some regions of Kazakhstan [8]. One of these 
regions is the village of Alatau Batyr. The local popu-
lation is forced to drink low-quality water containing 
TM ions. During the experiment, a number of water 
samples were taken and their composition was stud-
ied. As it turned out, the water in the region needs to 
be treated as TM ions in high concentrations, which 
do not meet sanitary standards, were found in the 
samples.

In recent years, the use of industrial waste as 
secondary products has been of great interest [9]. 
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The use of industrial waste as an adsorbent solves 2 
problems: 1) purification of water from pollution; 2) 
wastes disposal. For the first time, secondary com-
modities of refractory material chamotte clay (ChC) 
were used for water purification. ChC is a white heat-
treated kaolin clay with a stone properties, resistant 
to aggressive media, which contains highly dispersed 
hydroaluminosilicates. The clay does not require ad-
ditional purification after secondary use. It can be 
used in industry in large quantities [10, 11]. 

Polyvinylpyrrolidone (PVP) was chosen as a 
modifier. The choice of modifier is based on the avail-
ability and safety of this compound. The presence of 
the lactome cycle in PVP macromolecule ensures 
its good solubility in water [12]. The high molecu-
lar weight PVP compound is chemically stable and 
capable of complexation due to the presence of po-
tential nitrogen monoxide donors in its structure. The 
binding of PVP increases pores on the clay surface, 
thereby improving its sorption properties [13, 14]. 
The adsorbing properties of polyvinylpyrrolidone 
allow it to be used as part of detoxifying agents. It 
is used in medicine as a stabilizer of emulsions and 
suspensions [14].

 
Experimental part

Materials and methods.
In this work, chamotte clay (the Ukrainian de-

posit Teplosvet Inzhіnіring, LLC, Kiev) was selected 
as an object of the study and polyvinylpyrrolidone 
10000 (AppliChem GmbH) – as a modifier. To pre-
pare model solutions for studying the adsorption 
properties of the obtained sorbents, chemically pure 
grade salts of Pb(NO3)2 and CdCl2 (Laborfarm) were 
used. The residual concentrations of Pb2+ and Cd2+ 
ions were determined by atomic absorption spectros-
copy on a ‘Shimadzu 6200’ (Japan) instrument.

The obtained samples were studied by physico-
chemical methods of analysis, which included FTIR 
– spectroscopy (Spectrum 65, Perkin Elmer, USA), 
scanning electron microscopy (SEM) (Zeiss Supra 
40VP instrument) to determine particle size and to-
pography, elemental analysis by EDAX (energy 
dispersive spectroscopy) method to study chemical 
composition (Quanta FEG 250 scanning electron mi-
croscope, FEI, USA) 

Composite sorbents obtainment.
The process of obtaining composite material con-

sisted of the following steps:
1) A weighed portion of ChC (20 g) was poured 

into 100 ml of a 1% PVP solution (these objects did 
not need preliminary treatment). The resulting mix-

ture was stirred using a dynamic stirrer for 1 hour, 
then left for 24 hours.

2)  the drying process was carried out at T368–
373K for 3-4 hours. The resulting sorbent was sub-
jected to grinding to obtain a homogeneous powder 
mass.

Adsorption experiments.
A portion of the obtained sorbent was added to 

a 10 mg/l aqueous solution containing lead or cad-
mium ions at a temperature of (296 ± 2) K. At certain 
time intervals, samples were taken, filtered, and the 
content of heavy metal ions was determined. The de-
gree of extraction of the studied ions was calculated 
by the Formula 1:

E = (C0 –Ce) / C0 * 100%,                 (1)

where E is the degree of extraction of metal ions,%;
C0 and Ce – initial and equilibrium concentrations 

of metal ions, respectively, mg/l.

Results and discussion

 The technical characteristics of the chamotte 
clay used in the current work are presented in Table 
1 [15].

Table 1 – Technical characteristics of the ChC [15]

Specifications Values
Average grain size 2 mm

Moisture absorption from 2% to 20%
Humidity not more than 5%

Refractoriness from 15500С to 18500С

The technical characteristics of ChC are especial-
ly important, since with prolonged storage or upon 
expiration (3 years) it loses its unique properties [16].

The structure of the modifier for creating the sor-
bent (PVP) is shown in Figure 1. The presence of the 
lactome cycle in the polymer macromolecule ensures 
solubility in water. PVP molecules in aqueous solu-
tions are static tangles that bind molecules that re-
sults ability to complexation with ChC [17].

Figure 1 – Molecular structure of PVP 
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Figure 2 shows microphotographs of the ini-
tial and modified with polyvinylpyrrolidone ChC 
obtained by scanning electron microscopy (SEM). 
As it is known, SEM is widely used to study the 
microstructure of various objects [18]. From fig-
ure 2a it follows that the sample of secondary raw 
materials has a dense structure, represented by 
hydroaluminosilicates of various shapes and siz-
es. As a result of the modification of ChC by the 
PVP polymer, the surface structure of clay chang-
es (2b). As it can be seen from Figure 2b, the ChC 
sample becomes more uniform after modifica-
tion, the sizes of hydroaluminosilicates are en-
larged, which leads to an increase in its porosity 
and hence, sorption activity increases. It can be 

observed that the addition of the PVP polymer af-
fects the porosity of the hydroaluminosilicates in 
ChC structure.

 Table 2 presents the results of elemental analy-
sis of chamotte clay obtained by energy dispersive 
spectroscopy (EDS). The qualitative and quantitative 
composition of ChC was established. As can be seen 
from Table 2, the main components of ChC are oxy-
gen, aluminum and silicon, since the clay is an alumi-
nosilicate material. Also it contains significant doses 
of carbon, (which is part of the clay in the form of 
magnesium and calcium carbonates) and such met-
als as potassium, sodium and magnesium. The lasts 
contribute to the formation of fusibility and are found 
in the form of soluble salts.

a) The original ChC b) The modified ChC

Figure 2 – Fragments of SEM images of Chamotte clay and its modified form (at zoom 20000x)

Table 2 – Data of elemental analysis of chamotte clay

Raw materials
The content of the element, wt.%

О Si Al C K Mg Na
Chamotte clay 43.22 26.62 22.40 6.71 0.86 0.50 0.44

To confirm the presence of a modifier in the sam-
ple, the initial and modified chamotte clay was stud-
ied by FTIR spectroscopy. The results of the analy-
sis are presented in figures 3-4. Narrow absorption 
bands of weak intensity are observed in ChC spectra. 
The IR spectrum of the sample shows a weak band 
at 1027 cm–1, corresponding to stretching vibrations 
of Si – O – Si tetrahedra of the silicon-oxygen skel-
eton, which are clearly manifested in the spectrum 
of chamotte clay [19]. The observed intense absorp-

tion bands at 468.40 cm-1, 540.20 cm-1 and 519 cm-1 
can be attributed to deformation vibrations of Me-O 
type groups related to alkaline-earth metals. Absorp-
tion bands in the region of 695 cm–1 and 1448  cm–1 
indicate that calcite impurities are present in the 
composition. The band 797.15 cm–1 is due to the  
Si – O – Mg bond in the octahedral positions of ka-
olinite. The intense absorption band of the defor-
mation vibrations of water molecules bound by OH 
groups is in the range of 1832–3697 cm–1 [20].
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The IR spectrum of modified clay has absorption 
bands with wave numbers corresponding to stretch-
ing vibrations of –CH2– and C-N bonds due to the 
possible formation of a complex compound of PVP 
and clay. The stretching vibrations of the –CH2– 
group are located in the range of 1480–1440 cm–1, 
and the C-N bonds are between the absorption bands 
of 2260–2240 cm–1, which characterize PVP [21]. 
This indicates the presence of PVP or its complex 
compounds in the sorbent. It was found that the band 
at 1027 cm–1, which is responsible for the stretch-
ing vibrations of Si – O bonds, remains unchanged; 
therefore, the modification does not affect the silicon 
content in the samples [22].

The research results presented in Figure 5 show 
that the extraction of lead ions by the initial clay 
reaches (97 ± 7.2) %, and the degree of extraction of 
cadmium from the aqueous solution reaches only (67 

± 6.0) %. Therefore, the activation of ChC by PVP is 
effective, since the degree of extraction of cadmium 
ions by modified sorbent reaches (86 ± 6.4) %. Also 
it was found during the experiment that the degree of 
extraction of lead and cadmium ions at the beginning 
sharply increases and then reaches equilibrium with-
in 30 minutes. The adsorption ability of sorbents to-
wards identically charged metal ions depends on the 
radius of the ion and charge density [23]. Between 
two ions of the same charge, ions with a large radius 
exhibit higher sorption ability, because they are less 
prone to the formation of a hydration shell, which 
reduces the forces of electrostatic attraction. Since 
lead has a larger ionic radius (0.112 nm) compared to 
cadmium ions (0.099 nm), it should be sorbed better, 
which corresponds the results of the study. The high-
est degree of recovery is (97 ± 7.2) % for lead ions 
and (86 ± 6.4) % for cadmium ions. 

Figure 3 – IR spectrum of ChC

Figure 4 – IR spectrum of ChC + PVP
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As the results presented in Fig. 6 show, the effi-
ciency of extracting HM ions from solution increases 
with a raise in sorbent mass. It was found that the 
optimal sorbent mass required for the most complete 
extraction of metal ions was 1 g per 100 cm3 of a 
metal salt solution for both cadmium and lead.

 
Conclusion

It was found that the degree of extraction of Pb2+ 
ions by ChC reaches (97.0 ± 7.2)%, while for Cd2+ 
ions it shows a lower efficiency – (86.0 ± 6.4)%. 
This is probably due to the fact that lead ions have a 
larger ionic radius (0.112 nm) compared to cadmium 
ions (0.099 nm). Based on the analysis of the physi-
cochemical characteristics of ChC, it was found that 
the imposition of polyvinylpyrrolidone significantly 
increases the sorption ability towards Cd2+ ions. The 

optimal mass for the sorption of lead and cadmium 
ions – 1 g per 100 cm3 of solution was also deter-
mined during the study at T = 298 K and pH = 6. The 
use of chamotte clay as the basis for the development 
of sorbents helps reducing the cost of cleaning water 
bodies, and also allows solving the problem of wastes 
disposal.
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Copper ammonia leaching from smelter slag

Abstract: Copper smelter slag can be considered as an important source for using in the copper 
hydrometallurgy. Ammonia leaching seems to be attractive for processing copper slag. Under the influence 
of ammonia, copper, which is part of the minerals of copper, forms soluble ammonia complexes, while iron 
precipitates as insoluble compounds. In the present work, the possibility of leaching the copper smelter slag 
(1.26 wt.% Cu) of the Balkhash smelter using NH4OH solutions was considered. The effect of experimental 
factors (leaching duration, reagent concentration, temperature, stirring rate, as well as a solid-to-liquid 
ratio) on the extraction of copper into solution was studied. It was found that the extraction of copper into 
solution increases with increasing temperature (in the studied range 298 – 333 K), pulp density (up to 10 
pct) and stirring rate (up to 800 rpm). The concentration of NH4OH almost does not affect on the level of 
copper extraction in the range of 1-4 M. The following experimental conditions provide the recovery of 
65% of Cu into ammonia solution: 1M NH4OH, T = 333 K, particle size 90% < 200 mesh, solid-to-liquid 
ratio 10 pct, stirring rate 800 rpm, and leaching duration 180 min, 65% of copper is extracted into the 
solution. Shrinking core model with mixture kinetics was used to describe the process of ammonia leaching 
of copper from smelter slag. The activation energy and pre-exponential factor for the reactions of copper 
dissolution were calculated to be 16.2 ± 0.7 kJ/mol and 0.138 ± 0.001 min-1, respectively. The relatively low 
value of the activation energy indicates that the rate of the overall leaching process is controlled mainly by 
the processes of mass transfer rather than by the rate of chemical reactions of copper dissolution.
Key words: copper smelter slag, ammonia leaching, shrinking core model, copper dissolution, ammonia 
complexes of copper.

Introduction

Being the solid waste by-product of copper py-
rometallurgical production, the copper smelter slag 
contains a significant amount of valuable metals, 
primarily, copper and zinc [1-5]. This slag is usu-
ally dumped directly, or used as ballast or additive 
in building or road industry [6-8]. Considering the 
environmental and economic aspects, it is critical to 
find ways to recover valuable metals from the slag. 
However, this task is not easy to implement, because 
copper slag consists of a matrix of fayalite (Fe2SiO4) 
and includes minor components of target valuable 
metals.

Hydrometallurgy is considered as the promising 
way to recover such metals from the copper slag [9-
14]. Among other hydrometallurgical processes, sul-
furic acid leaching is recognized as the most conve-
nient process for this because of the producing huge 
amount of acid on the metallurgical plants. However, 
using this process leads to the dissolution of iron pre-

senting in the slag that causes problems in the subse-
quent treatment of the leachate. In addition, sulfuric 
acid solutions are highly corrosive.

Ammonia leaching is being proposed for using 
in copper metallurgy as an alternative to sulfuric acid 
leaching [15-19]. The main advantages of ammonia 
leaching of copper- and zinc-containing sources are 
as follows: (i) raw material with high carbonation can 
be leached by ammonia solutions; acidic leaching can 
not be used for processing these types of material due 
to high consumption of acid (ii) equipment corrosion 
are eliminated (iii) complexion capacity of iron with 
ammonia is very low, and iron, leached, precipitates 
in the form of insoluble compounds. Thus, ammo-
nia leaching has a suitable selective capacity for the 
non-ferrous metals to the iron (iv) unlike acids, am-
monia does not react with alumina silicates, and fer-
rosilicates (v) the residual ammonia in the soil after 
leaching can act as fertilizers. The main disadvantage 
of ammonia leaching is the high evaporation capacity 
of ammonia.
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Despite the fact that ammonia hydrometallurgy 
has been developing for a long time, there is a very 
limited number of works devoted to ammonium 
leaching of non-ferrous metals from metallurgical 
slag [20-24]. In the present paper, we attempted to 
use ammonia leaching to extract copper from copper 
smelting slag sample of the Balkhash copper smelt-
er (Central Kazakhstan). The aim of the work was 
to investigate the influence of experimental factors 
on the copper extraction from the smelter slag into 
the solution during ammonia leaching, as well as to 
determine the conditions that provide an acceptable 
level of copper recovery.

Materials and Methods

Slag sample. Copper smelter slag, used in this 
research, was obtained from copper smelter plant of 
«Kazakhmys Smelting» (Balkhash, Central Kazakh-
stan). The major phases of the slag sample were iden-
tified by X-ray powder diffractometry (XRD) as (Fe-
2SiO4), ferrosilite (FeSiO3), and magnetite (Fe3O4). 
The copper-containing minor phases were chalcocite 
(Cu2S), chalcopyrite (CuFeS2), covelline (CuS), and 
cuprite (Cu2O). Zinc was mainly presented in the 
form on its ferrite (ZnFeO2). The chemical compo-
sition of the slag sample determined by ICP-AES 
(Perkin Elmer, Optima 8000) after complete micro-
wave-assisted dissolving in nitric acid was, wt. %: 
Fe 14.72, Si 40.28, Zn 2.73, Cu 1.26, Al 1.32, S 0.97, 
Ca 0.83.

Crushed, ground, and sieved (-0.074 mm) slag 
sample was used for the leaching experiments. 

Leaching experiment. The leaching tests were 
performed in a 1-L flask. The slag sample (20 g) was 
placed in the flask filled with an ammonia-ammonium 
aqueous solution with pre-determined concentrations 
of NH4OH, as well as a liquid-to-solid ratio. The flask 
was stirred at 500 min-1 at a predetermined tempera-
ture with continuous air bubbling (300 mL×min-1). 
After leaching, quantitative analysis of metal ions 
(Fe, Cu, Zn) in the leachate was performed by using 
ICP-AES (Perkin Elmer, Optima 8000). All experi-
ments were repeated 3 times.

Variable parameters. The following parameters 
were varied during the experiments to determine the 
conditions that provide the highest copper recovery 
into solution (limit values are shown in brackets): 
concentration of NH4OH(1-4 M), temperature (298 
– 333 K), leaching duration (40-240 min), and liquid-
to-solid ratio (6-20 pct).

Results and Discussion

Leaching behavior of copper-containing phases. 
Copper minerals of the slag react with aqueous am-
monia in the presence of oxygen with the formation 
of ammonia complexes of copper (Eqs.1-4):

2Cu2S + 0.5O2 + H2O + 4NH3 = 
= 2CuS + 2Cu(NH3)2

+ + 2OH-               (1)

CuS + 4NH3 + 2O2 = Cu(NH3)4
2+ + SO4

2-     (2)
 

2CuFeS2 + 12NH3 + 8.5O2 + 2H2O = 
= 2Cu(NH3)4

2+ + 4SO4
2- + 4NH4

2+ + Fe2O3       (3)

Cu2O + 8NH4OH + 0.5O2 = 
=2Cu(NH3)4

2+ + 6H2O + 4OH-               (4)
 
According to the Eh-pH diagram for the copper-

ammonia-water system, Cu(I) and Cu(II) complexes 
with ammonia are ionic species stable in alkaline 
aqueous media [22]. In the solutions with an am-
monia concentration of 0.01 to 5 M, the complex 
Cu(NH3)4

2+ predominates. 
Complexation of copper ions can only happen 

with NH3 and not with NH4
+- ions. Therefore, the 

conditions should be maintained to shift the equilibri-
um between NH3 and NH4

+ to the left side in the Eq.5:

NH3 + H2O = NH4
++ OH-                 (5) 

Obviously, increasing the pH of the medium (i.e., 
increasing the concentration of hydroxyl ions) is de-
sirable for rising the free ammonia concentration. 
Once the pH is greater than 9.25, NH3 is the dominant 
species in the system.

Effect of temperature. The leaching tests were 
performed at 298, 318 and 333 K while NH4OH con-
centration, S:L ratio, and stirring rate were set at 1M, 
10 g: 1 L (10 pct) and 800 rpm, respectively. Fig.1 
demonstrates that comparatively higher Cu recovery 
was obtained as the reaction temperature increased. 

At a temperature of 333 K, copper recovery into so-
lution reached 62% after 4 hours of leaching. A further 
increase in temperature is impractical due to the loss of 
ammonia in the environment. As has been demonstrated 
by Liu et al. [24], copper (II) oxide easily reacts with 
ammonia at ambient temperature with the formation 
of a soluble copper complex. Apparently, it is precisely 
due to the leaching of Cu2O that the presence of dis-
solved copper in the solution is ensured at 298 K.
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Figure 1 – Effect of temperature and leaching duration  
on copper recovery into solution (1M NH4OH, particle size 90% 

< 200 mesh, S:L = 10 pct, stirring rate 800 rpm)
 

Effect of NH4OH concentration. The influence 
of NH4OH concentration on copper recovery into 
the solution has been investigated by varying the re-
agent concentration from 1 to 4 M at constant values 
of temperature (333 K), solid-to liquid ratio (10 pct), 
and stirring rate (800 rpm). The results obtained are 
present in Fig.2. 

Figure 2 – Effect of NH4OH concentration and leaching dura-
tion on copper recovery into solution (333 K, particle size 90% 

< 200 mesh, S:L = 10 pct, stirring rate 800 rpm)

As can be seen from Fig. 2, an increase in the 
concentration of NH4OH leads to an increase of cop-
per extraction into solution; however, 4 hours after 
the start of leaching, the concentration of the reagent 
practically ceases to affect the degree of copper re-
covery, which reaches a plateau at 62%.

The following aspects should be taken into ac-
count when discussing the effect of NH4OH concen-
tration on the leaching of copper from slag. Firstly, 

it is the stoichiometry of the reactions (Eqs. 1-4). 
According to the above-mentioned equations, 1M 
of copper requires from 1M (for chalcocite) to 8 M 
(for chalcopyrite) moles of ammonia to leach. If we 
take into account that the copper content in the slag 
is 1.26 wt.%, and the solid-to-liquid ratio at leaching 
(10 pct), then the theoretical ammonia consumption 
for copper leaching will be about 0.10 mol per 1 litre 
of solution (without taking into account the equilibri-
um constants of the reactions of copper minerals with 
ammonia). Another point is related to the fact that an 
increase in the concentration of ammonia in solution 
leads to a decrease in the concentration of oxygen. 
Oxygen, in turn, is an important component of the 
reaction mixture (see Eqs. 1-4).

Effect of stirring rate. Stirring is a very impor-
tant process in the ammonia leaching of copper from 
slag. The experiments carried out in the absence of 
stirring showed a very low (up to 18%) recovery 
of copper into solution even with prolonged (up to 
5 hours) leaching. This circumstance indicates that 
the limiting stage of copper leaching reactions is the 
mass transfer of oxygen and ammonia to the surface 
of copper minerals. The effect of stirring rate on cop-
per recovery at constant values of NH4OH concentra-
tion (1M), temperature (333 K), and solid-to liquid 
ratio (10 pct), is presented in Fig. 3.

Figure 3 – Effect of stirring rate and leaching duration on cop-
per recovery into solution (1M NH4OH, 333 K, particle size 

90% < 200 mesh, S:L = 10 pct)

The value of copper recovery increases with 
stirring rate up to 800 rpm; above this rate, copper 
recovery does not affect by the stirring rate. Appar-
ently, up to a value of 800 rpm, the leaching process 
is controlled by mass transfer, and above this value, 
the leaching rate is controlled by inner diffusion of 
the rate of chemical reactions.
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Effect of solid-to-liquid ratio. Solid-to-liquid ra-
tio, or pulp density, is a very important parameter in 
hydrometallurgy. The decrease in pulp density, as a 
rule, intensifies the leaching process. On the other 
hand, at low pulp density, there is an overrun of the 
leaching agent and the content of the target metal in 
the solution after leaching is reduced. Therefore, it 
was important to find the minimum value of the pulp 
density, providing an acceptable extraction of cop-
per into solution. The results of the experiments on 
determining the influence of solid-to-liquid ratio on 
the copper recovery at the constant values of NH4OH 
concentration (1M), temperature (333 K), and stir-
ring rate (800 rpm), is presented in Fig.4.

Figure 4 – Effect of solid-to-liquid ratio and leaching duration 
on copper recovery into solution (1M NH4OH, 333 K, particle 

size 90% < 200 mesh, 800 rpm)

Increasing pulp density from 6 to 20 pct nega-
tively affects the copper recovery. But, the values of 
copper recovery at 6 and 10 pct are almost the same. 
In both cases, the copper recovery values reach a pla-
teau (64-65%) with a leaching time of 180 minutes.

Process kinetics. The shrinking core model was 
widely applied for the rate expression of leaching re-
actions in hydrometallurgy [25]. In this work, mix-
ture kinetics model proposed by Ekmekyapar et al. 
[26] was used. The model is expressed by the follow-
ing equation:

1 – 2(1-X)1/3 + (1-X)2/3 = kτ               (6)

where X is the fraction of the recovered component, 
k is the apparent rate constant, and τ is the leaching 
duration. 

The straight lines in the Fig.5 demonstrate that 
the leaching process if controlled by mixture kinetics. 

Figure 5 – Plot of (1-2(1-X)1/3+(1-X)2/3) = kτ vs time  
(1M NH4OH, particle size 90% < 200 mesh,  

800 rpm, S:L = 10 pct)

The apparent rate constants for the reactions 
of copper dissolution have been found as 0.0002, 
0.0003 and 0.0004 min-1 for 298, 318 and 333 K, re-
spectively. 

In order to determine the activation energy of the 
reactions of copper dissolution (Eqs. 1-4), lnk versus 
1/T was plotted (see Fig.6).

Figure 6 – Arrhenius plot (1M NH4OH,  
particle size 90% < 200 mesh, 800 rpm, S:L = 10 pct)

The slope of the Arrhenius plot gives the E/R val-
ue, from which activation energy was calculated as 
16.2 ± 0.7 kJ/mol. The relatively low value of the ac-
tivation energy indicates that the leaching process is 
controlled mainly by diffusion processes rather than 
by the rate of chemical reactions.

For the calculating pre-exponential factor, the Ar-
rhenius equation was used:

                               (7) 
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where k is the apparent rate constant, A is the pre-
exponential factor, Ea is the activation energy, R is 
the universal gas constant, and T is the absolute tem-
perature.

According to the Eq.7, pre-exponential factor for 
the reaction of copper ammonia leaching was calcu-
lated to be 0.138 ± 0.001 min-1.

Conclusions

From the results of this study, the following con-
clusions were made regarding the characterization of 
copper smelter slag obtained from the Balkhash cop-
per plant and the ammonia leaching of this slag.

In the copper smelter slag, copper mainly pres-
ents as copper sulfides (Cu2S, CuFeS2, CuS) and ox-
ide (Cu2O).

Temperature, stirring rate, as well as pulp density 
have an impact on the copper recovery into solution 
when ammonia leaching of the slag, while the con-
centration of NH4OH almost does not affect on the 
level of copper extraction. The stirring rate influences 
the process below 800 rpm, and pulp density has an 
impact on the process above 10 pct.

 At the conditions of 1M NH4OH, T = 333 K, par-
ticle size 90% < 200 mesh, solid-to-liquid ratio 10 
pct, stirring rate 800 rpm, and leaching duration 180 
min, 65% of copper is extracted into the solution.

Shrinking core model with mixture kinetics ad-
equately describes the process of ammonia leaching 
pf copper from smelter slag. 

The activation energy of the chemical reactions 
is calculated to be 16.2 ± 0.7 kJ/mol indicating that 
the leaching process is controlled mainly by mass 
transfer processes rather than by the rate of chemical 
reactions.
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Thin layer drying models, antioxidative activity and  
phenolic compounds of rose petals (Rosa damascena Mill.) in tray dryer 

 
 

Abstract: The drying behavior of the Damask rose (Rosa damascena Mill.) petals in a thin layer hot air 
drying at 35, 45 and 55°C and 0.4, 1.2 and 2 (m·s-1) air velocity levels, was investigated. The Midilli was 
the most suitable model among 14 different thin-layer models for showing the thin-layer drying 
characteristics. At the experimental temperature (35-55°C) and air velocity levels (0.4, 1.2 and 2 m·s-1) 
the effective moisture diffusivity was 2.02×10-12- 11.3×10-12 (m2·s-1) and the activation energy varied 
from 56.3 to 64.5 (kJ·mol-1). Total anthocyanin content (TAC) ranged 77-240 (mg·L-1). The rose petal 
extracts showed higher DPPH (59.51%) and lower FRAP (1213.24 μmol(Fe+2)·L-1), at an increasing 
temperature from 35 to 55°C. Results showed that the higher temperature caused less TAC. At 45-55°C 
and air velocities 0.4-1.2 (m·s-1) the number of anthocyanins increased significantly, but at air velocities, 
1.2- 2 (m·s-1) a decrease was observed.  
Key words: Rosa Damascena Mill., Thin layer dryer, Anthocyanin, Phenolic compounds, Antioxidative 
power. 

 
 
Introduction 
 
Damask rose (Rosa damascena Mill.) is an 

ornamental plant from the family Rosaceae with 
more than 200 species and approximately 18000 
cultivars. Damask rose is widely cultivated in Iran, 
Turkey, Bulgaria, India, Morocco, France, China, 
Italy, Libya, South Russia and the Ukraine. It is 
used for producing rose oil, water, concrete (rose oil 
solid), and absolute, which are significant base 
materials for the medicine, food products, and 
cosmetic industry [1]. Some factors like genotype of 
Damask rose, environment conditions, the time of 
harvesting, and the technology of processing and 
distillation, substantially affect the amount, 
percentage and compounds of rose essential oil and 
extract [2]. Numerous compounds can be extracted 
from pistil, ovary and sepal of Rose flower such as 
flavonoids, glycosides, terpenes and anthocyanins. 
Studies shows that Damask rose and rosehip seed 
oils are significantly rich in unsaturated fatty acids 
(omega fatty acid), bitter principle, organic acids 
and tanning matter [3]. Dried flowers are also used 
as flavor and laxative agents [1]. 

The short harvest duration (40 days) of Rose 
flower and its high moisture make the transportation 
and storage a difficult task [4]. The destruction of 
high fresh petals occurs at high speed rates due to 
the growth of the living organisms such as bacteria, 
molds and yeasts. Therefore, drying at the 
appropriate moisture content is an important step in 
the process [5]. Drying rose petals would introduce 
new utilization opportunities such as decorative, 
herbal, aromatic, hydrotherapeutic and cosmetic 
uses. In addition, with an increased demand for 
using the roses in health and aroma therapy, the 
importance of preserving color, flavor, and essential 
oils during the drying process has been identified 
[6].  

Drying method is one of the oldest processes for 
product preservation and protection. This technique 
decreases humidity from ~ 85% wb to ~% 8-12 wb. 
The drying process should be completed in a short 
period of time to prevent the decomposition and 
minimize the used energy for the business concerns 
[7]. The most common commercial technique of 
drying food and chemical products is air drying. Hot 
air drying in food processing decreases the drying 
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time and hence maintains the dried product quality 
[8]. Therefore, the temperature and humidity levels 
of drying air, drying speed, and drying duration 
should be optimized to achieve the highest product 
quality [9].  

Thermal and physical characteristics such as 
heat and mass transfer, moisture diffusion, 
activation energy, and energy consumption are 
essential in the design of agricultural crops dryers 
[10]. The drying process and apparatus modeling are 
substantially important in order to optimize the 
operation parameters and improve the performance 
of the drying system. Thin layer drying removes the 
moisture from a porous material by evaporation, in 
which drying air is passed through a thin layer of the 
material until it reaches a moisture balance. The 
external factors of the process, the type and size of 
the product, and the internal diffusion mechanisms 
control the drying rate [11]. 

Economic justification, quality, and quantity of 
the dried petals are dependent on the proper drying 
methods. Therefore, designing an effective 
operating system to minimize the drying process 
time and optimize energy consumption is required. 
The objectives of this paper are to 1) investigate the 
drying behavior of Damask rose petals through thin-
layer drying 2) determine the best mathematical 
model for describing the drying process kinetics and 
3) evaluate the effects of hot air velocity and 
temperature on qualitative properties of petals.  

 
Materials and methods 
 
Sample Preparation 
Fresh rose flowers were picked up early in the 

morning, April to May 2018, from Gonabad, 
Khorasan Razavi province, Iran. Samples were 
transported to the laboratory and petals were 
separated before drying. 

Chemicals 
The applied chemicals and solvents were 

analytical reagent grade and were supplied by 
Merck (Darmstadt, Germany) and Sigma–Aldrich 
(St. Louis, MO) Chemical Companies.  

Experimental Design 
A laboratory-model tray dryer, equipped with 

installed instrumentations was used for the drying 
test. Different parts of dryer were air inlet and outlet 
parts, control unit and drying chamber (in which 
perforated trays are placed horizontally). The 
specifications of the fabricated dryer along with 
instrumentations are all explained in detail in [12]. 
Before the start of the drying process, the desirable 

constant temperature was obtained by the electrical 
heaters. To execute a drying run at each 
temperature, the dryer turned on 30 minutes so that 
it would stabilize at the specified temperature and 
air velocity [12]. About 10 g of fresh petals were 
spread on the shelves as a thin layer and kept in the 
drying chamber. Drying experiments were 
conducted at the temperature of 35, 45 and 55°C and 
hot air velocities of 0.4, 1.2 and 2 m·s-1. The 
reduced moisture content of petals was recorded 
every 2 minutes to achieve a constant weight and 
obtain the drying curves. 

Mathematical modeling 
Moisture ratio (MR) of the petal samples was 

obtained using equation (1): 
 

             (1) 
 

where, Mt is the last moisture content, M0 is the 
initial moisture content, and Me is the equilibrium 
moisture content. In practice, Me value is rather less 
than Mt or M0. Thus, the equation can be simplified 
as follows [13]: 

 
                            (2)  

 
 Moisture ratio data were consistent with 14 

thin-layer models that were mainly used to assess 
their suitability for thin layer drying kinetics of 
foods. MATLAB R2013 tool was used to fit the 
experimental data to the 14 thin-layer models. Three 
statistical parameters including coefficient of 
determination (R2), root mean squares error 
(RMSE), and sum square error (SSE) were used to 
determine the performance of the models. For 
quality fit, R2 value should be closed to one while 
SSE and RMSE values should be closed to zero. 

Moisture Loss Kinetics 
Fick’s second law of unsteady state diffusion 

can describe the transport of moisture during the 
drying process that occurs in the falling rate period 
for most food materials [14]. It is calculated using 
the equation (3): 

 

                        (3) 
 

where, Deff is effective moisture diffusion (m2 s-1) 
and M is moisture content 

Research shows that Deff is related to 
temperature and the kind of material being dried, 
including its texture and structure [15]. For 
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sufficiently long period of drying, using the first 
term in the series in the equation is significant and 
therefore [16]: 

 
                 (4) 

 
Taking the natural logarithm of the equation 

gives: 

             (5)  
 

where, L is the half thickness of Rosa damascena 
petal (RDP). Hence, the effective moisture 
diffusivity (Deff) is obtained by plotting the 
experimental drying data in terms of ln (MR) 
against drying time (s).  

Energy of activation (Ea) in a sample is the 
minimum amount of energy required for the 
initiation of a drying process to cause moisture 
diffusion through the sample. Therefore, the 
activation energy was calculated using Arrhenius 
equation [10] as shown in Eq. (6): 

 

                (6)  

 
Ea: the energy of activation, D0: the pre-

exponential factor of Arrhenius equation (m2 s-1), 
Rg: the universal gas constant (8.3143 kJ·mol-1·K-1), 
and Tabs: the absolute air temperature (°K). D0 and 
the corresponding Ea were determined by plotting 
ln(Deff) versus 1/T [14]. 

Total Anthocyanin Content 
Anthocyanin pigments undergo reversible 

structural transformations with a change in pH 
manifested by strikingly different absorbance 
spectra. The colored oxonium form predominates at 
pH 1.0 and the colorless hemiketal form at pH 4.5. 
The pH-differential method is based on this 
reaction, and permits accurate and rapid 
measurement of the total anthocyanins, even in the 
presence of polymerized degraded pigments and 
other interfering compounds. Briefly, transfer 1 mL 
extracted solution into 10 mL volumetric flask for 
preparing two dilutions of the sample, one adjust 
volume with potassium chloride buffer, pH 1.0, and 
the other with sodium acetate buffer, pH 4.5, 
diluting each. Let these dilutions equilibrate for 15 
min. Measure the absorbance of each dilution at the 
510 and 700 nm (to correct for haze), against a 
blank cell filled with distilled water [17]. TAC was 
expressed as cyanidin-3-glucoside (%w/w) 

equivalents and measured by the following equation 
(7): 

Total anthocyanin content  
  (7) 

where,  
 

;  
MW (molecular weight): 449.2 for cyanidin-3-
glucoside; DF: dilution factor; W: sample weight 
(mg); l: diameter of spectrophotometer cell (cm); ε: 
26,900 M extinction coefficient in L·mol-1·cm-1 for 
cyd-3-glu; and 103: factor for conversion from g to 
mg.  

Determination of Antioxidant Activity  
DPPH and FRAP assays were used to evaluate 

the total antioxidant activity. 
The DPPH method: The radical scavenging 

activity of RPE (Rose petals extract) was tested 
according to the method described in [18]. RPE was 
mixed with 1 ml of 0.5 mM free radical 2, 2-
diphenyl-1-picrylhydrazyl (DPPH) methanolic 
solution, stored in the dark for 30 min, and then the 
absorbance was measured at 517 nm. The radical 
scavenging activity (%RSA) of RPE was calculated 
by the following equation: 

 

        (8) 

 
where Asample is the absorbance of RPE at a 
particular level and Acontrol is the absorbance of the 
DPPH solution. 

The FRAP method: The FRAP (Ferric reducing-
antioxidant power) assay was performed by the 2, 4, 
and 6-Tripyridyl-S-triazine (TPTZ) following the 
method of Benzie and Strain [19]. FRAP reagent 
was prepared by mixing acetate buffer (0.3 M, 
pH=3.6), TPTZ solution (10 mM) and FeCl3 (20 
mM) in the ratio of 10:1:1. Briefly, 90 μl RPE (10 gr 
L-1), 2700 μl of freshly prepared FRAP reagent and 
270 μl distilled water were mixed and warmed to 
37°C in a water bath and absorptions were 
determined at 595 nm. A standard curve was 
prepared using different concentrations of (200– 
2000 Fe (II) µmol·L-1).  

Total phenolic content (TPC) determination 
The total phenolic content was determined 

espectrophotometrically using the Folin Ciocalteu 
reagent described by Singleton and Rossi [20]. The 
calibration curve was plotted by absorbance 
measurements of various concentrations of Gallic 
acid (0.04-0.4 mg·ml-1) at 760 nm.  
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Results and discussion 
 
Drying Model Investigation 
The Model constants, R2, RMSE, and SSE for  

 

14 thin layer drying models (at three different 
drying temperatures with three levels of hot air 
velocities) consistent with the moisture ratio are 
presented in Table 1. 

 
 
Table 1 – Coefficient of determination range for some thin-layer drying models applied to Rosa damascena petals 
(RDP) 

 

T (°C) V 
(m.s-1) 

Model 
name Model equation 

Coefficients 
a b c d h g k n 

R2 X2 RMSE 

35 0.4 Midilli MR=a exp (-k )  0.9836 -0.00104   0.0062 1.24 0.999 0.00003 0.00522

45 0.4 Midilli MR=a exp (-k )  0.9727 -0.00085   0.0185 1.256 0.999 0.00007 0.00780

55 0.4 Two term MR=a exp (-bt) c exp 
(-dt) -14.02 0.1611 15.01 0.1544   0.999 0.00004 0.00585

35 1.2 Midilli MR=a exp (-k )  0.9277 -0.00005   0.0012 1.733 0.995 0.00053 0.02218

45 1.2 Midilli MR=a exp (-k )  0.9777 -0.00056   0.0320 1.146 0.999 0.00010 0.00946

55 1.2 Midilli MR=a exp (-k )  0.9815 -0.00034   0.0428 1.33 0.998 0.00018 0.01208

35 2 Midilli MR=a exp (-k )  0.9598 -0.00085   0.0043 1.315 0.999 0.00012 0.01056

45 2 Two term MR=a exp (-bt) c exp 
(-dt) -17.74 0.1111 18.73 0.1073 0.0645  0.999 0.00005 0.00654

55 2 Jena&Das MR=a exp (-kt )  -
0.1729 0.6838 1.176    0.999 0.00005 0.00606

 
 

R2, RMSE and SSE values varied from 0.995 to 
0.999, 0.00522 to 0.02218, and 0.0006 to 0.0246, 
respectively. Compared to other models, Midilli 
drying model had the highest R2 and the minimum 
RMSE and SSE values, at 35 °C air temperature and 
0.4 (m·s-1) while the two term model had the best 
performance for air velocity of 0.4 m·s-1 at 55°C and 
2 m·s-1 at 45°C. Jena & Das was the best model for 
air velocity of 2 m·s-1 at 55 °C. For all the nine 
drying conditions, the Midilli was the most suitable 
model to show the thin-layer drying characteristics 
of the petals. Similar results were reported for Rosa 
damascena petals drying by Karimi and Bankar 
[21]. The Midilli model has been also successfully 
used to study the drying characteristics of 
agricultural products such as savory leaves and 
eggplant [22]. 

Effective Moisture Diffusivity and Activation 
Energy  

Effective moisture diffusivity is influenced by 
temperature, air velocity and the kind of substance. 
The higher temperature and air velocity cause the 
shorter drying time due to increased thermal 

gradients and mass transfer and as a result, drying 
rate increases [23]. The values of temperature, air 
velocity and effective moisture diffusivity are 
showed in Table 2.  

 
 

Table 2 – Variations effective moisture diffusivity at 
different temperatures and hot air velocities 

 
Temperature 

(°C) 
Hot air 

velocity (m·s-1) R2 Deff (m2 s-1) 

35 
 

0.4 

0.95 2.2  

45 0.96 4.85  

55 0.99 7.68  

35 
 

1.2 

0.97 2.42  

45 0.98 4.9  

55 0.98 11.3  

35 
 
2 

0.94 2.02  

45 0.99 5.25  

55 0.98 9.29  
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An increase in the temperature at constant air 
velocity increased the effective moisture diffusivity. 
Moisture diffusivity for the petals showed a 
minimum value of 2.02×10-12 m2·s-1 at 35°C for air 
velocity of 2 m·s-1 and a maximum value of 
11.3×10-12 m2·s-1 at air velocity of 1.2 m·s-1 and 
55°C. The results demonstrate that at a constant air 
velocity, the higher temperature caused the more 
effective moisture diffusivity. The most effective 
moisture diffusivity was observed at 55°C. 
Similarly, Sharayei et al. [24] found that the 
maximum value of effective moisture diffusivity is 
at the highest temperature. 

Drying temperature affects the internal mass 
transfer during drying, and ultimately the moisture 
diffusivity [14]. This is due to a higher heating 
energy that increases the water molecules’ activities  
 

and leads to a higher moisture diffusivity when 
samples are dried. Also, lower energy is required to 
remove the moisture at higher temperature because 
the water molecules are lightly bound to the food 
complex [25].  

The Arrhenius equation was calculated for the 
activation energy (Ea) of air velocity values (9):  

 

                  (9) 

 
 Ea: The energy of activation (kJ·mol-1), R: 

universal gas constant (8.3143 kJ·mol-1), T: absolute 
air temperature (°K), D0: The pre-exponential factor 
of the Arrhenius equation (m2·s-1). 

Figure 1 shows the plot of Ln(Deff) versus 1/T at 
various treatments. 
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Figure 1 – Plotting experimental data for measuring of Ea: a: 0.4 m·s-1, b:2 m·s-1 c:1.2 m·s-1 
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                      (10) 

The slope of the line (equation 10) was used for 
the calculation of the Activation energy (Ea) as 
follows 

                (11) 
 
In this study, the values of Ea were in the ranges 

of 56.3 to 64.5 kJ·mol-1, a result also reported by 
Sharayei et al. [24] for saffron petals. Aghbashlo et 
al. [10] and Doymaz [16] reported Ea of barberry 
and tomato varied from 110.837 to 130.61 and 
17.40 to 32.94 kJ·mol-1, respectively. 

Values of Ea and D0 at air velocity are 
represented in Table 3. The maximum and minimum 
values of Ea (64.5 kJ·mol-1 and 56.3 kJ·mol-1) were 
at air velocity of 1.2 and 0.4 (m·s-1), respectively.  

 
 

Table 3 – Ea and D0 at different hot air velocities 
 

 
 
Temperature and Air Velocity Effects on Drying 

Time Duration 
The fresh petals were dried in the air 

temperatures of 35, 45 and 55°C and different air 
velocity levels (0.4, 1.2 and 2 m·s-1). Figure 2 shows 
the decreasing trend of moisture content percentage 
over time due to temperature and air velocity. 
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Figure 2 – Trend of variations of moisture content percentage with time for drying conditions 
 
 
As shown in Table 4, the maximum (6720 s) and 

minimum (2040 s) drying times were at temperature 
of 35°C with air velocity of 0.4 m·s-1 and 
temperature of 55°C with air velocity of 2 m·s-1, 

respectively. Drying time durations were 2000 – 
7000 s at the 35, 45 and 55°C air temperatures and 
0.4, 1.2 and 2 m·s-1 air velocity levels. The longest 
drying time was 3.5 times higher than those of the 

Hot air velocity 
(m.s-1) Ea (KJ mol-1) D0 

0.4 56.3 7.5  
1.2 64.5 2.2  
2 64.3 1.7  
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shortest one. Figure 2 also demonstrates that the 
overall time of drying at 55°C was shorter than all 
the air velocities, suggesting that the temperature of 
drying was more effective than the air velocity. The 
increase in the temperature of drying increases the 
energy rate, the thermal gradient inside the product 
and also the accessible energy in the substrate for 
water transfer from the RDP. Therefore, higher 
temperatures lead to the faster drying rate and 
shorter drying time [26]. These results are similar to 
the findings of Kumar et al. [27] who dried different 
vegetables by the thin-layer dryer.  

 
 

Table 4 – Time needed for removing moisture to 10% 
D.B. level for a combination of drying conditions 

 
Temperature 

(°C) 
Hot air velocity 

(ms-1) 
Time (s)

 
35 

0.4
1.2 
2 

6720
6600 
6480 

 
45 

0.4
1.2 
2 

3360
3240 
3240 

 
55 

0.4
1.2 
2 

2280
2160 
2040 

 
Increasing the hot air velocity reduced the 

moisture content of the RDP, and hence enhanced 
the drying rate. At first, RDP bulk water can be 
easily transferred to the surface and evaporated. 
With increasing the time of drying a significant 
decrease in the moisture was observed (Fig. 1). The 
internal moisture transfer rate is constant and does 
not evaporate easily. Therefore, the drying time is 
decreased with the increase of air velocity [28].  

Influence of the Temperature and Air Velocity 
on RPE Properties  

Anthocyanins that are natural dyes and food 
coloring agents are generally present in fruits and 
vegetables. They have beneficial health effects and 
possess strong antioxidative and antimicrobial 
activities. The presences of anthocyanins in RPE  
as    quercetin-3-O-glucoside,    kaempferol-3-O- 

rhamnoside, and kaempferol-3-O-arabinoside have 
been reported by several researchers [29]. The 
antioxidative activities are affected by drying 
process such as air temperature and velocity [30]. 

In this study, the TAC was determined by the 
pH-differential method. The anthocyanin content in 
RPE was 77-240 mg·L-1 (as cyanidin-3-glucoside) 
(Table 5). Similar results were reported for Rosa 
damascena petals by Ginova et al. [31]. TAC was in 
the same range (179-314 mg·L-1) that has been 
previously reported by Bayram et al. [18] for 
samples from seven industrial-scale plantations. 
TAC of extracts obtained from edible flowers 
(Poppy, Red tulip, Rose and Roselle) in the same 
study were found within the range of 10 to 405 
mg·kg-1 dry extract. The TAC in the dried rose 
petals is more than fruits such as red grape (26.7 
mg·L-1) and apple (1.3-2.3 mg·L-1) and less than of 
red fruit juices such as Sweet cherry (256.6 mg·L-1) 
Blackberry (739.93 mg·L-1), Sour cherry (369.39 
mg·L-1), Black currant (1543.8 mg·L-1) and 
Chokeberry (3042.2 mg·L-1) [32-33]. Our results 
show that the temperature had a significant impact 
on the TAC, the lower temperature caused the more 
TAC (Table 5). Increasing the air velocity from 0.4 
to 1.2 (m·s-1), at the temperature of 45-55°C, caused 
an increasing the amount of anthocyanins increased. 
However, at the air velocity of 1.2-2 (m·s-1), a 
decrease was observed showing that the air velocity 
at the 35°C did not have a significant impact on the 
total anthocyanin. 

Antioxidant activity of RPE were examined by 
applying the 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
radical scavenging method and FRAP assay. The 
methanol extracts showed higher DPPH (30.01 vs 
59.51%) scavenging power and lower FRAP 
(992.27 vs 1213.24 μmol (Fe+2)·L-1) with increasing 
temperature from 35 to 55°C (Table 5). The DPPH 
depends on structural conformation, whereas FRAP 
assay is less sensitive toward hydrophilic 
antioxidants and the interaction of antioxidant 
compounds. Thus, DPPH may not show the accurate 
antioxidant capacity of compounds compared to the 
latter [34]. 
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Table 5 – Effect of drying air temperature and velocity on total anthocyanin content (TAC) and antioxidant activity 
 

Temperature (°C) Velocity of air 
(ms-1) 

TAC (mg.c3g/L 
of extract) RSA (%) Folin (mg of 

GA/g of extract) 
FRAP (μmol 

(Fe+2)L-1) 

 
55 

2 160.10±9.09b 59.51±1.96a 661.33±2.11a 992.27±12.47d 
1.2 180.59±4.76b 58.37±2.70a 643.33±5.03a 1001.78±4.11c 
0.4 77.40±14.62c 54.71±2.60a 658.33±4.98a 1119.39±8.19b 

 
45 

2 135.06±8.78c 31.97±11d 612.33±8.05b 837.24±7.53d 
1.2 239.02±9.07a 34.77±0.66cd 618.33±6.66b 1006.53±7.58c 
0.4 158.59±5.15b 52.08±1.75ab 624±9.88b 1261.15±6.36a 

 
35 

2 223.08±9.83a 43.69±1.16bc 537.33±8.7d 1206.71±5.99a 
1.2 220.05±9.47a 44.26±2.68bc 581.66±5.44c 1092.06±3.41b 
0.4 229.91±8.20a 30.01±1.21d 577.2±7.67c 1213.24±10.22a 

 
 
There is a positive relationship between total 

phenolic content and Radical scavenging capacity 
(DPPH); and some research have observed a high 
correlation. But some other researchers reported 
negative correlation between total phenolic content 
and antioxidant activity because total phenolic 
compounds do not contain all the antioxidants 
present in the extract [35]. 
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